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... the Quality 
is Certified by 


FOXBORO... 


Do you want a single continuous temper- 
ature record, or as many as eight different 


records on one chart? You can have exactly 


what you need in this Foxboro Potentiom- 


eter Pyrometer. It’s one of the features that 
causes hosts of users to specify this accurate 
and dependable recorder. 

Rapid response to thermo-couple changes. 
A dependable mechanism which is mechan- 
ically and electrically simple. These qual- 
ities make for enduring ac- 


curacy and sensitivity. Time 


FOXBORO 








CHOOSE the 
TYPE of 
Records Needec 
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exacts slight toll of Foxboro Potentiometer 
Recorders. 

These and many other profit-producing 
qualities are described in Bulletin 190-! 
Write for a copy. 


THE FOXBORO COMPANY 
46 Neponset Avenue 
Foxboro, Mass., U.S.A. 


Branches in 25 Principal Cities 


PYROMETER®S 





ACCURACY fOXBORO 


RESPONSE 
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. EMARKABLE!” “Wonderful!” 
R “A really big development!” 
“The greatest advance of its type in 
thermometer history.” 

Unusual praise indeed. But it is 
praise of an unusual product. 

With “Binoe”’ Tubing, Taylor makes 
previous industrial thermometers 

\ obsolete. 

“Binoe” Tubing ends squinting with 
one eye. It does away with “‘approxi- 
mately accurate” readings. It gives 
thermometers that can be read with 
both eyes open. It gives Binocular 
Vision. 

[t supplies a thermometer with 
double the angle of vision—with two 
to five times the visibility of previous 


ter , . . 
: hermometers. And does it without 
sacrificing high magnification. 
[t eliminates bore reflection, which 
nd 


1g has been one of the greatest handicaps 
in making accurate readings on any 
thermometer up to now. 

All of these amazing advantages 
result from correct application of the 
principles of light reflection. A triple 
lens construction assures the wider 
ngle of vision, greater concentration 
flight, and the necessary light reflec- 





J INDUSTRIAL 
'HERMOMETERS 


with “BINOC tuoing 


REG. U. S. PAT. OFF 


Read them now with both eyes open 
more easily, more accurately, at greater distances 
with—NEW TAYLOR “BINOC” TUBING 





tion on the mercury column. Jn other 
words, it gives a thermometer that is 
many times easier to read. 

Test for yourself the things we 
have said here. Prove also that 
Taylor Industrial Thermometers 
equipped with this new tubing are the 
most efficient and easy to read avail- 
able today. A Taylor Representative ROcHrsiT 
will present the complete story, and 
let you make a test with your own 
eyes so that you can be the judge. If 
you want a demonstration quickly, 
write at once to Taylor Instrument 
Companies, Rochester, N. Y., or 
Toronto, Canada. 


~~.) 


THIS IS A PICTURE of the latest Taylor Indus- 
trial Thermometer with the new Taylor “BINOC” 
Tubing. Do not attempt to judge anything from 
this picture except the modern, clean-cut design and 
appearance of this new imstrument. Test the actual 
instrument yourself and prove tts superiority. 
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jinn) I 
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TEST “BINOC”’ IN YOUR OWN THERMOMETER 
BE ONE of the first to get this New Taylor 
Engineer’s Pocket Test Thermometer 
with “BINOC” Tubing. It is offered to 


you to make your own easy-reading tests. 


You'll find it convenient to use in scores 
nf places. Range; 0° to 220° F. or —30 
120° F. Fill out coupon and order the range 


you want. Send check or money order. 


TAYLOR INSTRUMENT COMPANIES, 
Dept. H-3, Industrial Sales, Rochester, N. Y. 
I want to see “BINOC" Tubing. I enclose check for the Engineer's 
Pocket Test Thermometers (with protective case). 
: ne : WITH RANGE — 30° to 120° F—$1.25 EACH 
CHECK HERE wity RANGE 0° to 220° F—$1.50 EACH 
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iN THES tSS3UE 


rom time to time vour editor receives 
vestions to the effect that he should 

er more articles designed to appeai 
igh executives in industry. We could 
vs reply that everything we print is 
terest to high and low; but anyway 


month’s leading article seems to 

s thanks to A. G. Moon’s experi 

( that elusive quality known as “ex 
Ve ippeal.” 


Phe National Bureau of Standards is 
licated to ‘Truth, and in the conclusion 
thorough discussion of photo 

electric instruments Dr. Gibson divulges 
cts about these devices—faets which 
hurt no one but will on the contrary 

wd in the long run to makers and 


ers alike 


\gain we (and you) are indebted to 
Pir Findley, member of Justruments 
Editorial \dvisory Board and Managing 
Kditor of Bell Laboratories Record, for 
irticle originally prepared for his or 
nization: W. TL. S. Youry’s disclosures 


on the testing ot tapes. 


Ralph Batcher concludes his discussion 
f the fundamental applications of the 
cathode-ray oscillograph. Next month he 


ill start describing industrial applica 


TONS 


And the beginning of a thorough dis 
ssion of electromagnetic oscillographs 
Hlows: it is of course a small portion 
f the long serial on Electrical Measure 


} 


ents and Control 


THE COUNTER READS 


0/0)1/0)8 


it should read 109 because, although 


























sfruments ends its ninth vear and al 
though 9 12 108, last March’s issue 

is destroyed in the flood and had to be 
re-printed. But why think of past trou 
les When the future smiles’... A Merry 
Christmas and a H ippy New Year to 
ou allt 








Too Many Bolt-tighteners 


N 1935 a shortage of skilled labor began to be reported by in 

dustries and utilities. It has grown acute in 1936. Industry itselt 

did not cause this shortage from which it suffers, but it made 
worse by discharging mature wage-earners. In 1930, 731 and °32, thou 
sands of executives laid off hundreds of thousands of America’s most 
competent workers, adding them to the millions whose jobs had 
vanished. Several million men, whose efficiency represented fifteen or 
] 


twenty vears of training and practice, were robbed of their skill by 


three or four vears of idleness (or of aptitude-destroving relief work 
To make matters worse, there was an almost complete cessation of the 
various apprenticeship systems in industry. 

The shortage ot skilled labor will lye recognized as a major national 
problem when the present clash of political theorists gives way to 
studious observations of things as they are. President Roosevelt may 


have had it in mind among other proble ms when he circularized eng 


neering educators: 
THE WHITE HOUSI 


Of course there is no such phenomenon as the “impact of science 
and engineering. The oradual influence of science ind enginecring lias 
transformed prehistoric herds of cannibalistic primates into orderly 
human societies where babies can grow up to be Beethovens and Dantes 
and Rembrandts and Rodins and Einsteins and Platos—or intelligent. 
healthy, kindly and mutually-use ful plain people. The chief aspect of 
the influence of engineering has been and continues to be the advance 
in productive power—which means more and more leisure, less and 
less drudgery for mankind. One of the greatest blessings of science and 
industry is automaticity, for it cuts down the sum total of repetitive 
drudgery and creates jobs for skilled workers upstanding, law-abiding. 
satistied workers. The age of Instrumentation is almost here. It will 
come when there are enough Instrumenticians. 

Government, ¢ ducation and industry should jo n hands in an intensive 
program of training people tor participation in a dynamic (not a stand 
still) industrial civilization. Since relatively few bovs and girls can go 
to college, and since millions of adults need training (or re-training 
industry must lose no time in establishing skill-developing courses for 
it own workers, too many of whom are bolt-tighteners 

Our own part having to do with skills related to instruments, we 
have been gathering articles setting forth how instrument men can 
be trained. One such article appeared in our April 1936 issue; anot 


will appear in our next sue P and the re will bye more 
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No. 
Manager ot 


Research, 


20—LOUIS NATHANIEL HUNTER 


National Radiator Corporation 


Johnstown, Pennsylvania 


By M. F. 


{ 


lis fitting that the first vear of 
department should 
nd as began, with a charter 
) is a de partine nt head 
ind who passes Instruments mong 

Hunter has twenty-two men 
\\ Have SO ln im re ace rs in thre Na 
tional Radiator organization that to 
hem all would make this page 


OK like i directory. Wi 


from reporting wha 


can't re 


Prain, howeve r. 


pieasure t was to meet NRC's re 
irch-minded President Robert S 
Waters whose ippreciation of scien 


tifie problems ind whose enthusiasm 


for technical improvements have won 


him the affection of all his engineers. 


Nor can we retrain” trom paving 


bute to Hunter's able assistants 


INSTRUMENTATION of NRC's 
REESE ARCHIE DEPARTMENT 


Recording thermometers, 
thermometers, Optical pyrometers, 
tentiometers, Recording pyrometers, 
Phermocouptles, Thermostated ovens. 

liydrometers, Flash point apparatus 
(closed cup), Elash & fire apparatus 
(open cup), Viscosimeter, Cloud & pour 
test apparatus, Centrifuge, Carbon de- 
termination apparatus, Sulphur deter- 
mination apparatus, Distill: appa- 
ratus. lodine pentoxide mac . Orsats, 
(O) recorders, 

Anemometers, 
draft gages. 

Ammeters, Voltmeters, Watthour me- 
ters, Millivoltmeters, 

Analytien!l balances, 
scnules, 

Iileectric timers, Jeweled stop watches, 
Decimal Ihlectric program 
timers, 

Hardness testers, Tensile strength 
testers, Duetility testers, Microscopes, 
Photomicrograph, 

Hydrogen ion determination appara- 
tus, Liquid meters, Gas calorimeters, 








Manometers, Inclined 


Laboratory 


timers, 


Steam centorimeters. 
Vacuum test gages, Dressure’ test 
gauges, Hydrostatic test equipment, 


Left to right: J. Patch, L. N. Hunter, F. Eisinger, K. Schlenter and E. D. Grabe. Nove Patcn’s ingenswus self-contained transportable 12-point pyrometric test bench 


[INSTRUMENTS 


BEHAR 


Of all the things we saw that dav 
in Johnstown, thie ethciency test 
sticks in our memorv as best illus 


spirit of NR¢ 


In oa highly competitive 


trating the research 
industry il 
takes courage for one company to 
use instruments for finding facts and 
to publish the quantitative findings. 
Hunter's men not only follow. the 
ASHVE’s recommended methods but 
they set up with common materials 
such as are used in ordinary homes 
instead of using expensive firebrick 
and other means of obtaining high 
readings ). Then Hunter releases the 
data so that all the world may know 
just what to expect from each siz 


ind model. He says that it pays: by 


r top-notch sales engineers 


ittractin 
ind by cementing good relations 
with manufacturers of burners, stok 
ers and accessories, dealers, consult 
ing engineers and public officials. 

In this practical world it is not 
enough for a company to deserve a 
circle of friends, and we believe that 
Hunter wins them. We base our be 

facts: l hie 
) 


widely, (2) he shows numerous visi 


lief on three travels 
tors through his laboratory, (3) his 


personality is a winsome combina 


tion of vouthful enthusiasm and ma 


ture judgment, of rural simplicity 


and urban polish. 





O 





ee o g 5 
mes 













Born in 1903 on ae farn 
Hunter took his \I 
1925 at the University of ‘Toro 


‘Toronto. 


went to Cleveland where ly 
half of 
pany s two-man research depay 


a heater manutacturing 


Running into chemical probk 
took a post graduate course in 
Weste rn Ri 


at night and in s 


cal chemistry at 
University 
school. He even managed to find 
for a course in business admir 
tion. In 1930 he was hired by 
to deve lop a line of gas boile) 
did this, then he 


heaters, among them one for 


designed 4} 
ing crude oil—an engineering 
umph. Gifted with boundless er 
he not only directs research (t] 
tent of which may be Judged by 
collabo 


with all other departments at Jo 


instrument list) but he 


town—even with art design and 
vertising—and his duties extend 
the company’s eight 
Illinois to Massachusetts. 
Backed by President Waters 
urges dealers to use Orsats, d 
gages and thermometers when ins 


ling and adjusting the heating eq 


plants 


ment. The Company's sales po 


favors selling each heating p 
completely equipped with instrun 
and controls to assure efhicient 0} 
ation and consumer satisfaction 
stead of 
seem low. We were 
from Hunter that 


sidered, both we and the custo 


] 


“stripped” to make the 
happy to 


“evervthing 


benefit by this policy 














9 alli Pilger he reeione 








4E MONTH'S NEW INSTRUMENTS 


In this department we strive to re- 
port each month ALL the new devices 











omplete Process Control for measurement, inspection, testing, Dust Counter 
system, rather than a new in metering and automatic control—in Wikis Use edinobaiton of wa & 
nt, is announced, combining into the form of concise technical descrip- company, the Bausch & Lomb Opti 
eduling mechanism and auxiliaries tions. Co. has develope ( ( ( 
rious to ic-control unctions : } 
rene es na nse argent “ When writing to manufacturers saat 
Although designed individually directly, please mention this depart- 
ch processing application, — the ment as your source of information. 


Or write to Information Section, 
Instruments Publishing Company. 








Temperature and Pressure 

Switches for Boiler Control 

\ new line of pressure and tempera 
ture controls, the “400 Series.” offered to 
the heating industry for installation as 
limit switch or operating controls on 
steam, hot water and vapor systems, or 
is unit heater controls, is said to em 
body i number of new features All 





wrdinated Control System™ consists units are housed in heavy pressed-steel 


more or less standard master cam 





tion, and of selected subordinate svs 
° . : ie CCUl ely hat I 
seach controlling one factor such as : a ee } +} 
ure, liquid level, flow, temperature, re Tiel, Sager ; : ‘ 
; Sr oe is offeri it indust t 

idity, ete., by means of an individual ; 

e, damper or other final element. Willson safety se Lee M1 I 
ction of these final elements may INSCPUT combines 1 ( ‘ ‘ 
off" or “condition-time-curve” ess I S I device 
Instruments, June 1931, pages 336 field) microscope ewl 

352 Illustration shows a “Coordin system, mounted or Cll 

ed Control System” designed for ided with illiuminatir 

ent recovery plant. Its outside view itably e 
red Or the front cover of the J in sto re ( : \irid 
1936 issue of Instruments Th iste ‘ 

(" Waterbury. Conn Ay ‘ ; F 
| , Nha 
r e( ‘ P 
Motor Control Devices 
\mong additions to maker's line of I ( 
ectric motor control devices are Se\ ‘ I riba l ( ( 

new d-¢ ind several nev -C. nan ected ol mnie 1cte Lhe 
nd automatie starters, time-limit ( ‘ 

ters, secondary resistor ind ito j ‘ 

t ed T eT ( 








P) ‘ CASES \ll Incorporate newly perfected 
: “Type iSO) Magneseal Contact Struc 
‘ ture,” a completely enclosed, dust proot 
i ind tamper proof snap-acting permanent 
4 magnet type ot contact structure, the 
i use of which in the “400 Series” boiler 
4 contro!s eliminates all internal wiring 
i ind pigtails. “De Luxe Model” pressure, ; 
i vapor ind temperature controls ire \ 
yA eg lipped with both id just ible range 
ind differential, adjustments being made 
outsic thre case, ind with calibrated 
scale showing the setting of both range 
ind differential. Illustration shows “De aS WAENE 
Luxe” pressure s\ itech. “Standard Mod SIStS OT i l , : ‘ 
ranstormer types for wound-rotor mo els” have outside range idjustment but f 20 magniticatior it ‘ 
tors, also disconnect switches, manual with a fixed differential, and are sup dar eld i ( 
peed regulators, and miscellaneous 2¢ plied without the outside calibrated Cl e1 e eveple 
essories such as remote-control stations scale Nei controls are ivailable for crometer di ruled 4 ; ‘ 
Illustration shows “Bulletin 4036” start limit switch use (close low, open high An extr inne ( ( ) 

the construction of which is typical or for unit heater ipplications ind eT l ! ( ‘ 

the new a-c. automatics. This start water cireulator ipplication try close cles ft ( ( 

Is. non-reversing, primary — resistor, high, open lov hey are rated to ir ys ( 
rrent-limit acceleration for three phase clude Ah p.» 110-220 volt a. nd for \ Ing | ( 
julrrel-cage motors and is available in 10 amps. 110-volt ( non-inductive ) | ‘ i r ‘ 
enty-five models up to 50 h.p. Ward 5 umps 29()-volt a.c . non-inductive ser ot aii Ct ( ( ! ( 

‘ urd Electric ¢ 0o.. Mount Vernon. Vice Pe) electri S7oilch ¢ Des cured I PP? hu Ree 
\ e Voines. Towa ig, Pa 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure. liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly.,without overtravel or hunt- 


ine. Ask for Bulletin No. LOL. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
cuiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating. recording and 





integrating the flow of 
steam. water. sewage. 
air. gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 
ature. drafts. liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Coin-operated Time Switch 


\ re coin-operated Tine switch, 
“Type TS 60° for disper ing the service 
hinces, operates tor 80° minutes 

liens lO-cent coin is deposited in 





‘ stan d ‘Telechro 
‘ yy on 25 ) or 60-evele 

1) 1 = re ji he o 
1¢ ermilt erator ft 1) i! 
contintiot or intermittent use of 
( | for e ] enyth of tine 
‘ Whe ‘ tire urcl eq tin 
ee ed e switel ton rT \ 
) ( l Ce ind is) re ay 
ther sate \n optional teature i 
cutout device for protection 

verload (Jjenera elect ( 

Ved 


Electron Microscope Tube 


\ ( developed: elec mn mie rosd 
rete read ) ly ( SSY, IS Cle 

( adeno rate ( Principe 
e Ck l ( a e\ ! 1 
er ’ Tl ( ) 
ICrOS¢ ( 
Ihe surt r ) Hye 
nide-« ed nicke 
( ” Is Cl red 

») ll ( 
ents Lie 

panel mrowWCleE | 
fluorescent screetr 
he end of Ihe 
Lt Necessary 
tage to operate 


Ivpe SSO mav be 





obptammed by tsi 
" 
ri¢ power SUDPD.\ 
Specifications: 
Dian ot sereen, 
2”: Overall lenge 
t 1) o 
13 S ¢ i-pro o 
oh eei cy ( 
Ivy. ‘ ( cle 
IMaitire¢ ( ( 
ilamer olts | 
d-« Ii 
meres ] ) | CUS C1EE Mit 
x : 1 a 
’ ’ Ilig ’ ve electrode rt 








Surface Temperatures 
Fiat The “Alnor” 


Stationary 
Combination Pyrocon 










or 
Moving 
Curved 
Surtaces Ideal for rolls, molds. 
plates, platens and 
plastic material temper 
atures. 
Write for bulletin. 


Ilinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Illinois 








Time Switches 


SVOCHrONOUS riot 
vitches re offered = in b-snn 
mp. capacity for TLO- or vy 
uits. Kael ill control almost 

ol ic. Circult operated ol 
mined time basis. Some teature 
ine iccurately cut: hardened 

Ons «are used throughout: cloc 
re hea to ssure subst 

tronomic dia 53 

titre dyustments make l DOSSID 6 
itches ithin one-half mai 


» ter s\ model with ull-met 








Vode sy \\ desig ( ron 

. na ( ere OC IKE Is It l 

1 er he Ing nad -1 
Y COT O Ithough 1 Is eq 
ited Tor 1OS inv tvype ) 

l here Ihe met tvypx 

i iS usec R.oW ( } ( 


pH Meter 


New “Te bee pli-Meter 
con ising rugged glass ele 
tel cuum-tube eg raid 

1] . 





vives the readmg rf e tes 

vhich can be easily lined-up wi 
potentiometer shaft so that direct 
Ings are obt lined re vardless oft t ( 
roa svsteln ised Compens 1 
rool ) Dath temper ure is i ( 
idjusting the working current f 


potentiometer to temperature s¢ ( 


the indicating instrument that re 
from 10 to 40° ¢ The new instru 
can be used sa vacuum-tube ¢ 


meter if desired. Sensitivity is 0.02 
ecuracy O05 pli He life / 
Vorthern Bivd Lona Island ¢ 

















SIX points with Quartz-ervs 


4 it is. said 


Ors ind 


periods of time the maximum deviation 


from origin calibration ill be | 
| idder ittenuation svstem: permits 
half of knob rotation for first. 1 
max. Volume and vernier con | 
levels Cy l or¢ rl ri t 
ippre nil ) 2 \ se 
r i l ( ll ( tes ( ( ht 
CVClE l unl I manne NM ocle 
2 f ( ey | ( “Vi rele a4 
ery Del ed LT dinvve l |? 
( NS } / | 

Ni _ ( / 


Metal-clad Joints for Greater 
eer Apna te ACCURACY 











prechot 5-FNnet ( al }>T 
Cal ind chemical Treezi . ( CCl 
ae ek She, cod platinum. a DEPENDABILITY 
4 9 ey | % palladiur re used in sheathing 
ey 43 §1 jomnts, form smooth, non-loeki : 
jvints, forming a smooth, “non-locking and DURABILITY 
ppored ) \! ee ( v 
) Ws ( I { i 
- ( iwreable - (t-2 ! 
Draft or Overfire Pressure purchased with metal- 
Control System Wee eee ee ae “e 
\ ir-operated butomratic ( ty " 
ro omaintaining either draft o1 
pressure il \ predetermined 7 - . 
SERA Oe sea ep Rectifier for Chargers 
strated ind a special dampet New “F-6 Unit (| rver B 
ing pneumatic evlinder Instru signed for se in st Lee 
s essentially in inverted-bell CV yp cl rvers i l ( 
( r draft-responsive element scribed ) ( 
( ith I \ir-o-ling contro ulb i + 
e lustrunie sept 19335, pred sre ent ft corte i 
POSSESSING iutomatic-rese na ire ‘ ef _ . 
iIng-range idjustment character cathode h 
' hereby predetermined ue t raplhite | 
e maintained under widely varving load lled ( 
) tions, in larg or small boilers node, nal the 
amper-operating evlinder is) equipped ulb is fille : 
combination pilot valve ind piston it} reo i f } 
ositioner giving positive response te he rel a EDERA ‘ 
! na i I rt ent I} / ( tec 


Wayne Ave Phil rent from | LOW-FRICTION 
oe a — DIAL INDICATORS 








Wide-range Oscillator ind thee 
Q f 
et : ations re oe ee ee 
known as the “All Wave Signal Gen PF ? 
because its) fundamental fre gradua ariations in surta a 
vuency rang extends from 94 ke. to 26 Zz 7} « INgINgG rr 
this new instrument is said to be bats . : 
stir ] } +} ] CTION, and mia pract } n y 
! wuished by the employment of 
} . he. if ( nf r + sh 
Uuminum eastings throughout to , uen a m n a 
re proper shielding and make a lov Cle | ' edd CO TO iro { I ‘ ‘ the use of this Indicator lf y 
level possible In addition, sin . . . J r n + + } 
3 U 3 ¥ ga 
Cl ( ( ( ri ( 
Su} ‘ ‘ ed f Federal Low-Friction Indica 


+ — Cherefore,. nde? - co ' . , 
| | direct current flows throt Send for Bulletin 36 

Te aaa Cull C is state sat ( 

sanpson sianat GEMtRATOR is. thoror t¢ 1 thr 


a or ei FEDERAL PRODUCTS CORP. 


UT 144 EDDY ST PROVIDENCE, R 


; M 


EVELAN NEW 





“ALNOR” 
VELOMETER 


(Boyle System) 


Instantaneou 
Direct Reading 

Nir Velocity Meter 

20 faet te RN00 feet 





e rotary selector switch provides modt 
fed, unmodulated, extern uly modulated Write for Rulletir 
f. and 4000-eyele audio output, all con Illinois Testing DI O S 
rolled through attenuator from prac Laboratories AL INDICAT R 
cally zero to a level sufficient for Incorporated 
142 W. Austin Avenue 
and GAUGES 


\ 


ervicing requirements. Each of the six 
Trequeney bands is individually calibrated 











Chicago, IIlinols 
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New! 





AUTOSYN 


SELF-SYNCHRONIZING 


MOTOR 


TYPE | 


Type | Autosyn motor is a 
reasonably priced self- 
synchronizing motor with 
superior performance char- 
acteristics. One transmit- 
ter may operate as many 
as six receivers. Practically 
any system of remote indi- 
cation or control may be 
solved by the selection of 
the proper type of Auto- 
syn Motors. 


FEATURES 


|. Conventional Motor mount- 
ing interchangeable with 
most standard self-syn- 
chronizing motor elements. 

2. Approximate accuracy: Two 
degrees. 

3. Maximum torque 14.8 inch 
ounces. 

4. Safe continuous operating 
torque 5.6 inch ounces. 

5. Brushes carry no current 
during synchronism. 

6. Enclosed inertia dampener 
reduces oscillation to maxi- 
mum of 3 seconds and is 
adjustable to suit. 

7. Dimensions: 354'x39 /16’’x 

53/,”". 

Weight: 5 lIbs., 12 oz. 

9. Low current consumption 
and temperature rise char- 
acteristics. 

10. Voltage range for accurate 
and safe operation, minus 
20°/, to plus 10° normal 
rating. 


ie *) 


LAAT » > 


BENDIX MARINE 
PRODUCTS CO., Inc. 


754 Lexington Avenue 
Brooklyn, N. Y. 











Shopping Bag Tester 
This instrument is designed to indi 
cate, in pounds, the force required to 
pull the handles out of a shopping bag 
The usefulness of a shopping bag de 
pends on the et 
fectiveness oft 
the fastening of 
thehandles, 


Which usually 
ire the first 
parts to vive 
\ .' by hy c 
Phwineg Shop 


ping Bae Test 
er was devel 
oped to show 
how much load 
ictu lly can be 
ipplied to the 
bag before the 
handles pull 
out. In order to 
make the test 
middle 
portion, the 
shopping bag is 
folded at both 
ind 


on the 








sides 
clamped in the 
wide jaw; the 





hag handles are 
placed around a 
designed clamp which dupli 
cates closely the effect of a hand grip, 
ind the handle at the bottom of. the 
applying a 


speci illy 


tester is rotated, thereby 
constantly increasing load—which is in 
dicated on a seale calibrated in pounds 
When rupture takes place the pointer 
wutomatically stops. The tester has a 
high gear ratio so that, for practical 
purposes, it is unaffected by variations 
in the speed with which the operator 
revolves the handle he instrument is 
portable and can be used by salesmen 
for demonstrations. It is 31” high, 10°. 
wide: and weighs 30 Ibs. Its capacity IS 
300 Ibs. and it can be used for other pur 
poses by the addition of the necessary 
holding” OTIPS Thiving-Albert lustru 


men ( Lancaste ha Phila 


New Actuating Auxiliaries 

for Micro Switch 
For applications where 1,000,000 
operations were required of the Micro 
Switch (see Jnsiruments, July 1933, page 
149) it has been necessary to limit the 





overtravel to O.O05 


bevond. the operat 


ing point. Recent improvements in_ the 


internal structure of this switeh now 
vutomatically limit the overtravel so that 

ife of 
secured, though plunger goes to extreme 


1,000,000 operations may be 


limit of travel on every stroke. To fa 


cilitate application of Micro Switeh to 





certain tvpes ot Ope rations, 
methods of actuation are now 
Kither method may be 
the standard normally closed, ! 


open, or double-throw 


Incorpo 


switch, 
the self-returning or maintaini; 
1) The first 
trated) is a sleeve which. fits 
standard operating 


actuating devic 


plunger 

ites the switch through a sprir 
cap This spring provides in 

of Jy” beyond the point of oy 
When equipped with this spring 
ism, the Micro Switch can be 

t precision limit switch on machi; 
that do not stop instantaneous 
The other is a leaf spring OF 
lever, which permits Lt greater 
ment of the actuating force thar 
vided by the standard plunger. 13 
son of the relatively long lever 
operating force required is mil 
Suitable applications are package 
Use of this spring actuat 
viates need for 


switch 


ing, ete 
precise locati 
Spring can be given any 
or length desired to fit special 
tions 


Mill Type Starter 

“Type RD” D-C. mill type st 
standardized unit suitable for 1 
i. wide range of motor. sizes a 
quiring only 
contained resistors to give prop 


reconnection of the 


sistor values. It employs the new KC&M 


wat | vpe Ba” mercury icceleration 





vhich permit a time range of Si 


2 sec. per step, adjustable by mi 


i thumbscrew ind lock nut ar 


ment changing the amount of mer 


through which the rubber disk 


operate. Max. time is secured whet 


is at bottom and has to operate thr 


full volume of mercury \ 3-coi 
breakable resistor mounted on top 
cabinet is covered by i ventilate 
changing the 
which the resistors are connected, 


closure. By 


starters can be used with any 
ithin the range of 5 to 25 h-p., 230 
ilso on other h }). sizes on 115- and 


volt motors within the ampere ratil 


manhet 


the contactor. Starter panel is desig 


to 


is illustrated, to swing forward 
mit access to the wiring at rear. Op 


features such as overload relays, 1 


line knife switch, field icceleratior 
lay, ete., can be incorporated whet 
The Klectrie Controller 


quired 
. Kast *9th St... Cleveland 


(4 


( 


( 


¥; 


















stood on a curb and 


N 1906 we 


imusedly watched strange-look 


ng horseless carriages go by 
jerkily and noisily. ‘Today we get 
behind the wheel of the descendant 
of these machines, and glide along 
moothly, silently and swiftly. ‘This 
growth and development is paral 
that of the oil 


fractionated in 


led by industry. 


Years ago oil was 


relatively small quantities, in’ hori 
ontal bateh stills, arranged to be 
ised singly or in cascade. ‘Today we 
process 20,000 bbls. (50s), or more, 


n 24 hours in one unit. 

With the old equipment, if any 
operating instruments were used at 
ill, they consisted of indicating ther 
mometers and pressure gages. ‘The 
first recorder installed aroused much 
uriosity. The 
ated 


the ope rators 


modern unit is oper 


from a central location, where 


have under their ob 
servation and for their manipulation: 
inticipatory controllers for regula 
tion of pressures, temperatures, liquid 
levels and flows; recorders for such 
operating information as is needed 
but not directly controlled: indica 
tors to supplement or check the re 
orders; devices for the remote con 
rol of valves: ete. 

Che tendency is toward more accu 


+ 


ite control of component parts of the complete evele,. 


Organizing 
the Plant 
Instrument 
Services 


‘hanks to 
tems, the process 
neer can design 
much closer 
of having the tes 
sonably reproduce 


ment. The use o 


Ih re rh 


] 
limits, 





control sys 
development engi 
the operations te 
with 
t-tulbs 
d in plant equip 


t these iutomati« 


svstems permits large-scale chemical 


MOON 


} 


processes to bye ea 


By ALFRED G. 


mum operating force 


. : - gree of uniformity 
Increasing use of instruments, and re- : 


ndled with a mini 
ind with a de 


ot output not pos 


. ; +} ] ens i mmer 
cent progress in automatic control sible with older types of commer 
technique, require organization changes cially-available instruments. We 
in each of the process industries. The place emphasis on this because of 
Plant Instrument Department (under i] adical cl tr 

. ‘ . Lilt radical Chnangse § ¢ used im InStl 
various names) grows in importance, : 
but some high executives still feel that sich PVICIng Sng MaicRance, an 

: ibe 1] - 
a special organization is unnecessary we shall deve lop this theme as w 
and that almost anyone can select, in- proceed 
stall and service modern instruments ‘ , 
Some organizations have been In 
and control systems. For years we have 
: t cu | ( er y t il meni 
known that a large oil company has stalling modern control equipmen 


not only a million-dollar instrument in- 


without adeq late provision for prop 


stallation but a well-organized and er installation and maintenance, the 
splendidly manned Instrumentation | 
~ ‘ 2 inevitable consequence being Tallure 
Service; and we have wished to print 

to obtain expected results where 


a description of it. This progressive 
company does not wish its name used. 


but has granted Mr. Moon permission 


upon the 
With the 
to write a series of two articles i gen- 
eral terms for the benefit of our read- 
ers: (1) organization and (2) training. 
Here is the first article. Please note 
that it is not a specific description but 
a generalized discussion.—Editor. 


" 
become 


mechanics 
tive, if thre ( pit 
Instrumentation 1s 


turn anticipate d. 


Increasing 


complic ition ot inst 


instruments are condemned 


refinement and 


TuiMmbenes, It need 


for adequate supervision and trained 


S More In pe ra 
] + 
al aynvestment in 


to vield the re 


As a matter of in 


terest to executives charged with the 


instrumentation policies of 


their organizations. we de 





ecessitated by increasing throughputs and by operation scribe a typical instrument organization applicable to 
loser to critical temperatures. So close is this control a large oil refining or chemical plant 
aintained that a difference of 10° in a 1,000) F. range Before considering what is meeded in the itt rf 
pells the difference between large output and complet organization, let us first examine what a group such a 
stoppage of production. In addition to the fractionation we have in mind would be called upon to do. The it 
ind cracking operations, the treating and refining of strument group would be charged with the selection as 
ibricating cuts are undergoing radical changes, requir to type and make, based on required service, corr 
ng the latest in control and recording instruments. installation, and proper maintenance, Some instrument 
Just as the operating equipment has changed in the past would be installed individually, such as distribution 
few vears, so the modern controller dates its advent meters measuring steam, gas, air or water, required | 
rom about 1931. The developme nt of the anticipatory various de partments or operations, 0 hers would be 
vpe of controller opened a new field of control, but it grouped together on panels in control rooms for the in 
lid more: it changed the tvpe of men needed as instru formation and guidance of the operators. In one control 
ent men, room we may encounter instruments from five or six 
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Inspector of 
Mechanical 
Equipment 









- 








Engineering 
& Development 
Divisions 











Instrument 
Engineer 






































Power Equipment 
Operating Equipment ' 
Pumping Equipment 


i. 


Field Testing 
Instrument repair 
Small motor repair 


Rebuilding & changing 


Electrical 
Section 


1 | Standardization 
na | 1 S| 
Sho |_| | Clockwork 
T | E Z | _ Section 
oreman $$ Instrument Makers 


Orifice & thermo-well fabr 
Displacement meter repair 
Thermal instr. repair & calit 
Pressure instr. repair & calit 
| Control valve repair & adju 


|_| Mechanical 


} Section | 























| 
| Main Plant 
I Instrument aia ‘ 
| Supervisor Specialty | Special (gyro, nautical, etc.) instrur 
i 
__ Foreman | Training of instrument mechanics 
aren 
omega Director of General = a, ’ 
- charge 4 Mechanical Supervisor of _ Section | Instrument mechanics 
Serene 4 “ | Lab. & Service Instruments ' l Foreman Instrument pipe fitters 
ecnnica tv T ' - . — | 
ar isl | Field | Reducing & regulating valves 
Main”! " Foreman | Chart boys 
-4 Plant ; ‘, J |_| Section | Instrument mechanics 
| Mgmt. Foreman | | Instrument pipe fitters 
i : < 1 —_——- - > _ = 
| — ' | Foreman } | Small . 
Chief of ; 1M nel 4 _ 7 T] (in small plant) = Shop Instrument mechanics 
Operations hang geet a ‘ ‘ 
Local ; ) i +48 ] 
Foreman Small y 
. oo ‘ | (in small plant) Shop —_ Instrument mechanics 
etc. etc. etc. etc. 
Organization for 
| S . Rebuilt gasoline motors 
nstrument Services "ae Power equipment in plait 
d r | in ot Acceptance Tests iinet 
ina Typical se sett Tests of materials 


Processing Industry 





Clerical & 
Stenographic 

Note—Although based on experience, this F 

chart is ideal, not actual. — A. G. MOON paid 
manufacturers, and four or five tvpes of any one ven 
dor’s products, 

A glance at the accompanyving photographs ol typical 
control rooms | at the head of this article | shows a wide 
varicty of instruments, including vacuum indicators. 
pressure indicators, pressure recorde rs, pre ssure re 
corder-controllers; flow indicators, flow recorders, indi 


cating ind recording flow controllers: liquid level con 


trollers: te mperature indicators, te Inp et rature recorders. 


femperature re corder-controllers, both electrical and me 


} ] 


chanical, and remote controls for valve operation. Look 


ng around outside at thre ope rating equipment, we would 


see pressure gages, float Ope rated liquid le vel indicators 


ind controllers, vacuum recorders, as well as round-edge 
orifices limiting flow 

Be hind thie 
we find an organization set-up somewhat on the general 
Fig. 1. This general form of organization 
ifter fifteen to lend 


to installing and maintaining approximately 


successtul functioning of these instruments 


lines shown in 


mas been found, vears) experience, 
tself well 
2,000 recorders and controllers and 5,000 indicating in 
struments, representing the products of forty manufac 
Ot 


of place in a small plant, or in any plant having 


turers course, it is obvious that such a set up would 


} 
comparatively tew mstruments. 


or organizations having a number of plants, the Gen 
eral Supervision and Headquarters Functions, herein 
ifter described, could be profitably centralized at the 
home office. It is hard to generalize, but experience in 


dicates that a fairly typical plant, with twenty to thirty 


recorders and controllers in’ addition to simple ind 
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| Special investigations 


Instruments Pub. Co., Pittsburgh 


Fig. 1 


cating instruments, can profitably utilize the full-t 
services of at least one first-class instrument man 
The set-up shown in the chart is more nearly 


than the usual existing instrument groups. Many org 
izations with a number of sizable plants maintain sep 


rate instrument groups at individual locations with 
specific general supervision. Thus they lose the ady 
tage of uniform practice, purchase and servicing. A 


centralization is that industrial 
the 
has changed so radically in the past six or seven yi 
that it is be vond the fast 


coming the function of highly specialized engineers. ‘| 


other factor favorit 


1g 


strumentation, particularly in chemical industr 


hit-and-miss stage and is 


organization is shown reporting directly to one of 


executive staff to assure impartial inspection, tes! 
and instrumentation for the various company iunits 

The functions shown on the chart may be descril 
as follows: 

The Director of the Mechanical Laboratory and S¢ 
ices should be charged with the selection of person 
and general direction of the funetions outlined in 

} ; 


chart. Along with this should 


Research, Engineering, Operating and Purchasing 1) 


vo 


cooperation with 
sions in selection of power consuming and heat trans! 
equipment as well as instruments. 

The of the Test 
spector of Mechanical Equipment may be found on 
chart. We 

The 
ment records, orifice 
record should be kept of every instrument, which n 


functions Engineer and of the | 


need not describe them in detail here. 


Instrument Engineer should take care of inst) 


design, idle instrument lists, ete 








complished by using an envelope system as shown functions and need not include technically-trained p 
¢, 2. The record should be started by noting the sonnel unless it numbers more than five or six. in wh 
nt facts on the tace of the envelope, while in case a male technicallv-trained chief clerk is of value 
should be filed (1) a copy of the requisition and Reference to the diagra SS ee ee ee 
. ( Tile’ ¢ gran SHOWS } ex wor ay 
subsequent reports and calibrations as turned in on alien ; a ee Byaic 
! I Cit bore ( . l idl iW ) 
ple torm provided for that purpos Fic. 3 vario plant instrument fo ee es nities: il 
Is it st rie en i i mde ! 
\ records should be kep according to serial mum direction tield oreanization , 
niz q 
= » cumulative h story ol the instrument there Ly r quire d. The size of the local organization \ 
ir no. Accurate lists of idle instruments should be me man to the 1 ther required to f 
ibr | 1] ' 
lik ntained, in order to supply. when possible. instru lined for the main or large vlan 
! . = 
jus zs requested by the operators or engineers \\ , 
° v¢ MULT POSCLN sp) ik rst of { feild 
\n important function of the Instrument Engineer is aes * ee ; 
( St ley lh mortlAanee o\ } woK EE mW Too \ } | 
me : : ‘ , I 
design of orifices plate s for flow measurements, which : Phin ae ee Gee 
S i ile ( ) ms to 
stitute a goodly proportion of the instrument insta pl ld 6 
. LComl Ica ( ons oOo I ) yan cli 
acl ical plant. TI , ; 
ms in a Chemica pian : he orifices u al co i ; d | myo! fn. | ; . | | 
, Muli ) C¢ lete oO} it VID ) ? ] j 
' . ° i 
1 with all new installations, as well as replacements See ee antl 
( ] 4 il 4 Sit ( Ticvtix ’ ! 1 ) ( 
changes, should be calculated and ordered trom. the vennie woul amin ; Ve if apa 
rt pealt tri PESLTTE CCTV . Tis til | WV msirt ai 
strument shop AS required, It is ofttimes necessary to siete ye ee ual al say 
. Ist i? l ‘ Pid le Se t*¢ Li Zt rhe Ca ty 
place an orifice in a hurry bv reason of changes in ae ¥ ee ee req aol. :, a ' 
. . reguia SChHeAULEG OF is requested ich Hs rie 
erating requirements. Our own organization has de oe ie a i eer lat ‘i 
1¢ cl Ee isslones defi e duties i 
; ee aed a J, - ; 
ened, fabricated and sent to the field in an hour. ori dav’s work. Some to mak egular inspections Tt 
es for measuring gas in terms of normal temperatu , { h instrumen nad | 
! ive an | Suc ] ~ Liddte ‘ is 1 \ 1) tO 1 Pa 
nd pressure at unit gravitv when flowing at other con = thers to 1:} ' vs a | 
: on, others to catibt os | . 
litions. In a small group. at least one man. should be eS Pe ah | 
I hat ada r Ove \ aT reper} ' - | 
uniliar with orifice desien, as fabrication of pl ites and : Re scueaced eee, y Serta) 4 2 : 
» [ve ( AC ( I . OT TIC Ltle try Vj 
preparation of correction factor. flow conversion ame F roa — , 
, : ) HWStruMene Use Cre pore. a ! 
rves and planimeter tables will result in) substantia ae ae ee es 1 | 
PILdrae'd ( read t lel Lil rie 
wings in the course of a vear. iturally, the grea eS a ee ae eee ae 
i number of installations, the @reater the savines , , : A. : j 
Wiicl Hie Various contro ers ! a. 
ese curves and tables are, of course, of great impor eee ee Or ee ee 
I S yuiree Hea 1 CONTTOLLE } 
ince When a bonus is paid for the economical use of bed prevented fi 
il Is re { Lee row | 1 ) ( 
steam, air and gas, where pressure and temperature ' : 
set somewhere cise nn 1} SVS | | 1 
ompensating elements are not included in the flow : é 
, eq ipped With such test tacilities ! wea 
isurements. A word of caution is necessary at. th , 
; . the operating instriumen stand 1 
voint. While there is nothing mysterious about. orific ; 
urgh , 7 done in the shop and no me: Gi field 
my design, there are enough pitt ills present to lend the un 
i reducing and regulating valves is a f 
wary into serious errors, and results should be checked casa, 5 
: 7c ( eine charts 
igainst a primary standard before accepting maiden force. hanging s 
| roont or mS YD 1 
fforts as being within one percent correct. IASTTUIMENe SKOUp ' 
; ; aeeaes ae es Prone st 
{ Che Instrument Engineer also caleulates, from. field off by rough handling. Proj 
] - j _— } ] } , . nct 
tlibration reports, the correction factors to be ipplied tan iS COFFE? seTECTION ‘\ » - 
idl » reading of meters involved in measurements of fluids liable results if it is installed w go 
val ind gases. on which bonus payments are based. These of connections, mounting and itu S 0 |? 
ep orrection factors are then transmitted to the COTP FUT work jis usually im small sizes. and X] ! 1 
houl Division interested. 
val Che clerical and stenographic force has the ususa 
Ay 
. 
{ RIA 
N°? S73 
RANGE 
PATNI f RIAL N ' mH WINIALY 
) wy , i mi 
| Hil] oP | } Hi Hi} i} 
| HII INSTRUMENT SH WK | Ht} I ME “ne i MALU 
RANGE TANDAR 
MAKE 
orice 
Type 24 crock — 
4ART NC FLOW Location 
ee ting cl ° ett, 
PRESSURE — acai nonce = ak = 
= 











gangs save expense and toremen’s time by being able 
to proceed with installations, line cle aring, orifice ch ing 
ng, freeze-up work, thermo-well inspection, ete., with 
f personal guidance. An ine x peri need gang 

quire i foreman or instrument man every minute, 
ind takes longer than a smaller group of well-trained 


Phe qualifications of a well-trained instrument me 


will be discussed in a later paragraph. 


Detailed description of servicing and trouble-shooting 


be undertaken in this article, nor can the impor 
tant ibjyect’ of inst illation be covered. Such items as 
the why of suppressed zero on liquid-level instruments 
having materials of different gravity in the two leads, 
capacity of se iling chambers, material of orifice plates, 
piping up flow instruments, ete constitute a whole sci 


ence enough to fill a 300 page handbook 


The instrument shop should be equipped with pre 
cision tools to make major repairs, calibrate and stand 
irdize instruments, fabricate parts, and even fabricate 
whol instruments with speed and precision, because 
emergencies arise where a stock of “spares” is not the 


answer. 
he instrument shop foreman has under his direction 


the following 
l Ihe | lectrical Section 
Phi Sector overhauls, repairs, ebuilds or changes. the 
ges of electrica instruments It has charge oft the “pri 
I ind “secondary” electrica standards The “primary” 
standards are those instruments which have been calibrated at 
the Natior Bureau of Standards; the “secondary” standards 
ire similar instruments which have been checked against the 
firs roi nd torm the working st ndards. This section takes 
care ! epairs which are not reasonably field work: 
mwever, en certain field checks are required involving thre 
se of instruments or standards, the electrical speci ilists 
re sent out. The men used in this group should be yraduate 
electrical engineers because the tendency is toward greate 
iriety and complexity of electrical control instruments 


( lock M ike r 


ly large plant with several thousand mechanical and ele¢ 
tri timepieces used in recorders, integrators and controllers, 
t 1s matter of economy to en ploy i professional repair mat 
rather than attempt to train one. This man should also repair 
mec nic co ers zimuth circles from ship equipment, etc 
3 The Mechanical Section, which includes: 
\ pressure instrument division, where the indicating 
1 ‘ ding ressure or vacuum gages are repaired na 
ire < I ed by man especially trained for this work 
\ temperature instrument division, where indicating 
e“ ading ermmomecters are checked ind repaired For 
irge plant this section is capable of making major repairs, 
refilling the tube-systems, changing ranges without impairing 
accuracy, and expeditiously building special recorders. ‘Trained 
nstrument mer re used here 
Thermo ells, thermocouples, orifice plates ind miscel 
aneous parts are fabri ited as ordered \ high-grade lathe 
ind is emploved for this work 
a Displacement meters are overhauled and calibrated by 
i dg instrument shop man 
c \n important section is one in which special instruments 
ire Dul to order for the research laboratory and other labora 
tories, d special sma equipment fabricated for other divi 
S1ons This ork is done by skilled machinists who are experi 
enced as to ind model makers and who therefore can work 


with the precision and ingenuity required 


f The repair and setting of air-motor-operated control 
valves is taken care of in the shop 

g) Codperation with the Plant Stores department is main 
tained by checking all of the instrument parts and equipment 


ordered for stock, to make certain that the material is as re 
quired; all pressure gages and gl 
; 


checked before being put in stock for issue 


iss stem thermometers are 


The third section of the field force should be under 
a foreman who is responsible for repair and maintenance 
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of highly specialized instruments (such as eV ro 
ment and other instruments of a fleet of oc 
ships plus auxiliary craft). The foreman of t 
may be charged also with the direct supervision 
instrument apprentices. 

Previous to the fundamental change in’ me: 
controller design mentioned above, the averagy 


e recruited from the ranks 


ment man could | 
skilled trades. This was particularly true when t] 
and makes of existing instruments were not too 
Now, however, the picture has changed, and wi 
skilled trades may still supply some potential m 
we require applicants with more than manual d: 
They must give evidence of analytical ability, a1 
sess a type of personality which will get along wi 
the operating force. 

The instrument mechanics are divided into \ 
classifications, according to their ability to me 
specification for the rating. We give below the sj 
cation for First-class Instrument Mechanics. 


Educational Require ments: High school education, 


mented by two or more years of evening technical scho 
Lape rience Nece Ssary: At least five years’ including, 
ably, a specific apprenticeship course on instruments. ‘The 
plicant must be able to service and maintain al/ of the 
types of instruments and control devices put on the marke 
it least five manufacturers out of a list of eight: eight 
out of the following twelve firms whose instruments f 
in large numbers: 
Republic-Smox 
Simplex 


Bailey Foxboro 
Bristol Leeds & 





Brown Mason Tagliabue 
Cochrane Precision Taylor 
Pp [DD 


ur 


n addition to the foregoing 


Requirement for the Rate: 
ifications for education and experience, an applicant for 
rate must be familiar in general with plant operatior 
have considerable detailed knowledge of the more imp 
processes on which the instruments are used. 


The above requirements narrow the sources of 5 


to three 


1. Men who were formerly service men for one o 
“complete-line” industrial instrument companies. 

This source is open to the objection that the applicant 
uly only know one make thoroughly, be it electrical or me¢ 
ical seldom both, and therefore must be hired as. thir¢ 
fourth-grade mechanics and be given considerable training 
perience indicates that it takes two or three vears before 


merit the first-class rate 


2. Instrument mechanics formerly in other indust 


that 


These were sometimes hired, but it has been found 
perienced all-around men are not plentiful; the floaters 
offer themselves are usuaily not worth the expense of putt 
them on the payroll. Occasionally a top-notcher can be f 
who for some good person il reason desires to make a ch 
obtaining properly qualified inst 


rhe writer’s experience i 
ment men indicates that out of every hundred applic 
probably twelve to fifteen will be worth interviewing, 

i. resulting selection narrowing down to two or three 
pects. 

3. Graduates of the Company's own training scho 
for instrument men. A compre hensive training progr 
starting from scratch with carefully selected candidat 
appears to be the road to obtaining the help needed 
service the modern instruments. Such a plan is, of cour 
out of the question for the small individual plant; 
where a number of small or large plants are under 
organization it may be of interest to know how one s' 
program is worked. We shall, in the subsequent artic 
describe in detail a three-year training program for 
strument mechanics now in actual use. 











otoelectric Photometers 
and Colorimeters 


By KASSON 5S. GIBSON 


Chief, Colorimetry Section, National Bureau of Standards 


> PILOTORLECTRIC DEVICES FOR QUANTITATIVI 


. 
CHUEMICAL ANALYSES. 

\§ the numerous forms of so-called ‘“‘colorimeters’ 
ving photoelectric cells, we may first consider 
used for quantitative chemical analysis. These are 

ly instruments of the type discussed in Sections 1 

| 2 and, in fact, are not always called colorimeters. 

ire the designation “colorimeter” is used, it) has 
ibtless been applied from similarity to or association 

h colorimeters of the Duboseq type, which, however, 
not measure color or color stimuli, nor yield a color 

vecification, but merely use a color match or nearest 

vv match as a criterion for the quantitative determina 

m of the concentration of a solution in terms of a 
brated standard. Such instruments might better be 

illed, simply, comparators; or, where filters are used 

nd a photometric measurement made, they might be 
led filter photometers. Scientific descriptions of instru 
ents of this type, with discussion of sources of error 
ind their elimination, have been published’*. They are 
nsitive and, while not affording the complete analysis 
given by the spectrophotometer, are useful in chemical 
ind biochemical analysis when used intelligently and 
with adequate knowledge of the various factors involved. 


lL. PHOTOELECTRIC DEVICES ADVERTISED FOR GENERAI 
COLORIMETRIC USE. 

We come now to the field of “general colorimetry 
ind to the ever-growing group of photoelectric devices 
being placed on the market under trade names implying 
that they are general-purpose colorimeters. While th 
nstruments themselves are of numerous different sizes 
ind shapes, and employ various principles and various 
types of light-sensitive elements, it will be found that 
they are similar in nearly all respects to the instruments 
discussed in Sections 1, 2 and 3. In fact, if all such 
photoelectric instruments on the market were exhibited 
n one room, the ones discussed above along the north 
wall and the ones now to be discussed along the south 
wall, it would be impossible—even after examining and 
testing all the instruments—to see why there should br 
on the south wall a bold sign reading “Colorimeters 
or some such label implying wider fields of application 
than the ones for which the instruments on the north 
wall are suitable. The major difference seems to be in 
he statements which are appearing in the advertising 
iterature. These are often false or seriously misleading. 
[t is reasonable to suppose that each instrument was de 
signed by an engineer or physicist, and that then, in 
many cases, a hasty advertising writer prepared the lit 
erature as he would a “campaign” for a cheap paint. 
Such statements as * * * is an electro-optical instru 
nent for making any and all colorimetric and turbidi 
metric measurements” or “indicates the existing discrep 


incy to the millionth degree” or “provides a color check 
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Use th Clinica La ratory {mer } wy , 
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pages 421-433 


heretofore impossible may be mer nstances of adver 
tising license permitted by usage in the general field of 
advertising, but the designers and manufacturers would 
do well to strike them out of their advertis ng mens 
copy because the intelligent instrument buyer ven if 
he has not learned the science of colorimetry will gain 


fl bad pression ol products SO idve rt sed. 
Equally unfortunate ar specific statements which 
designers and manufacturers no doubt did not get 
chance to see before they wer printed. kor 
the statement “not subject to...color b 
that the instrument fails to take advantage of a most 
useful property of photoelectric cells, namely, it they 
are all totally color blind. And the statement Note that 
can ‘see’ ultraviolet and infra-red r LVS describe 


what would be i serious defect for colorimetric p 


poses if true 


Phe question may then properly be asked, to what 


extent and under what conditions can these instruments 


give reliable colorimetric data? The answer is two-fold 

] From inv one re iding or determination, with o1 
without a filter, no val ean be obtained which may 
prope rly be called colorimetric, unless previous calibra 
tion of the instrument combined with knowledge of the 
material being tested makes it possibl for such a read 
ing to be safely interpreted in colorimetri¢ rms 

2) If readings are made through t fi + proj 


erly chosen with respect to the accompanving photocell 


ind illuminant, these readings may serve to give trichro 
matic coetticients such that two samples which gay den 


tical readings would be of the same color when compared 


visually and such that any differences in readings could 
be correlated with differences in tl colors of the sam 
ples. However. the usual red. green. and blue filters 
will not adequately serve for this purpose, nor will any 
three which are mutually exclusive with respect to the 


spec tral region transmitted 


Here again, as was the case with the visibility data 
discussed ibove. it is found that data re prese nting the 
chromatic vision of normal observers differ considerably 
and it is, therefore, 


Necessary nm this Case iiso to selec 


t 
data representative of an average normal observer and 
duplicate this by means of filters as accurately as poss 
ble. Such an observer was established in 1931 at the 
ineeting of the International Commission on Illumination 


and is known as the 1931 I. (¢ I. standard observer 
Data defining a standard trilinear codrdinate system, 
Incorporating the standard visibility data, were ilso 
idopted as well as standard illuminants A, B, and C, 
representative of incandescent light 
filament lamps), noon sunlight, and average davlight 
respectively 

An understanding of the principles underlying 3-filter 
photoelectric colorimetry can perhaps best be obtained 
by treating the subject under the following headings 
1) Derivation and use of the ideal filters for obtaining 
values exactly on the 1931 I.C.I1. basis, (2 


mation to these ideal filters obtainable in actual filters, 


ipproxl 
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and } the nature of the errors involved in 3-filter 


photoelectric colorimetry. 
Derivation and Use of the Ideal Filters for Obtain 
nq Lalues kaactly on the 1931 I.C 1. Basis. 
Let NX, }, and Z be the distribution coefficients de 


fining e 1931 LC 1. standard observer according to the 


1931 [.C.L. cobrdinate system, these being a function of 


wave-length and. refe rring to an equal energy spectrum 
see Fig. 4 The ideal filters for use with a photoelectric 
ell, by means of which colorimetric data may be accu 
rately obta ned for this 1931 I.C.1. standard observer 
ind coordinate system, are given by the following equa 


ons 


6 2 hk, YE" sk, ZE’ 
1 
/ s J s | 


“\ Y, }, and Z are the spectral distribution coefh 
. st noted, Fis the spectral ene rgv of the illumi 

sed with the filters and cell in the measurements. 

Ss the spectral energy of average davlight or other 

t by which the samples are ordinarily viewed. 

s § spectral response Ot thre photoes ll to an equal 

vv stimulus, Ay, Ay, &, are constants, and 7',, T.. 7 
desired spectral transmissions of the three re 

. tive filters. If with such filters the instrument seal 
lings be designated as a, with the test sample in posi 
ind a, with the standard of reflectance or trans 
ssion n position, the ratios of such. re ading’s through 


filters in turn are de signated as 
( ) . = ) be fe ) 

‘ d ad 

, , 

l'} quantities, vw, y, ind mav in themselves serve 
sa colorimetric specific ition of thre sample relative te 
the reference standard. In order, however, to express the 
specification im terms f the 1931 L.C.1. standard ob 


1 
server and coordinate svstem, the L.C.1. colorimetric 


s of the reference standard must be known. Let a 
ima be the tristimulus values of the reference 
standard for illuminant /£”) on the 1931 I.C.1. stand 
1 basis. (See references 2. 4. and 13 for definition of 
st IS Valle ind for methods of computing sucl 
s from spectrophotometric data An idequ ite color 
t specification of th reference Standard 1S ifforded 
Bigs , and In this connection it m i bye 
1 that ft val ol ¥ s qua to the luminous re 
fectar ransmission if the reference standard for 
—_ 
Ls nd method of expressing the colorimetric values 
n standard is DV Way ol the trilinear 
nates ilso called trichromatic coethcients ). com 
1 with t val nt y the trilinear codrdinates of 
Ss ind rd sare detined is 
= 
/ [ s nad ( ited by thie Y 
ord NALS, ind since thre sum oft these quantities 
S aAlWAYVS nitv. anv two of them nav serve to specify 
city Ph color of the reference standard for 
nant / ‘ Ve retore, ilso bye idequately spec 
{ terms oO ind y 
| s desired to express the tristimulus values I 
| my thre near oord lates J ot thre est 





Fig. 4. Spectral distribution coefficients (designated as X, ) 
Z in the article) defining the 1931 I.C.I. (French C.I.E.) 
ard observer according to the 1931 I.C.I. co-ordinate systen 


tic | 
, 
[ 
sample in terms of the me asured quantities, 2, y sI 
ind either 7, Yo, Zo OF Los Yos pertaining to the 1 
ence standard. This is done by means of the follow 
relations: 
, , , 
l i 1 7 Y / 
’ 
i d ‘ 
i 
, ; , 
nl» yi 
, 
yY y¥ 
7 I 
, , , 
ra YY 
, 
| 
, ; , 
ra yey 


The color of the test sample for illuminant Ir’ 
thereupon, be expressed in terms of the 1931) L.¢ 
standard observer and codrdinate system by giving 
, ¥, and or wv, y, and y. It mav be noted 


if the reference standard is non-selective with res 


o wave-length (7.e., constant throughout the visible s] ] 
1 1 
trum the values of w., yo, and z, become equal ti | 


, 


respective similar quantities for the illuminant / 


isual diagram for plotting « and y is illustrated in lig 


[pproa mation to the Ideal Filters Obtaina 


n [ctua F lters 


} 


In attempting to duplicate the ideal values of 7 
ind 7, defined above, it will be found that the prol 


is greatly simplified if the X distribution functior 
treated as if the parts above and below 505m w 
separate functions ~. Furthermore, below 505m 
function has relative values ve ry similar to those ot 


function. For practical purposes, therefore, it is n 
| 


sary to duplicate 7, only at wave-lengths greater 
505mu, the transmission of the filter being zero b 
this wave-leneth. Such a filter may be designated a 
r) filter, with spectral transmission values 7 In 


] 1 ] 
case, the value ot ® mav be ikKen as equal to 


0.83 (“* ) 0.17 | : ) 


the values, 0.83 and 0.17, being proportional to the a 














Xx 


Fig. 5. Mixture diagram showing the locus of the spectrum and 
the Planckian radiator in terms of the trichromatic coefficients 
v and y. For further explanation, the paper by Judd (ref. 2) 
should be consulted. 


Values of y’. 


are obtained and computations of a2, ¥, 2, and a, 


f the x curve above and bye low 505m 
nd é 

made as described in the previous sub-section. 
Values of 2. 7 4<;; Ty, ane 1 


ilues of s representative of Weston Photronic., Westing 
Electric Hewlett 


have been computed tor 


Photox, and General cells, and 
values of I.C.1. illuminant (¢ for 2’ 
L.C.1. illuminant A for /. These values are ay 
pon request to the colorimetry section of the National 
Bureau of Standards. They of course, valid only to 
that the assumed in the several 
ises apply to any particular cell. They show 
by] ue 
are ne 


As a 


taken and 


aFe, 


i extent values ot s 


“a 


and filters, rather 


filters. 


wwever, that vellow, green 
green, and blue 


, cy ana 7 


han Ve d, 


ite 7 


eessary 


respectively further 


proper kind of filters, it may be noted that a first 
ugh crude, approximation to. the desired values ot 
1 Be: and 7’, is afforded. in the case of Photronic ind 


Hewlett cells. by tilters composed ot the following 
isses: (1) dark railroad signal vellow plus pale sex 


tant green for 7’ » te pal sextant green for 71 ind 
}) very dark signal blue plus Noviol A for T’,. Thest 
mbinations effectively exclude the ultraviolet and in 


re d regions. 


In case it is not desired to obtain data on the I.C.1 
isis but mere ly to obtain adequate colorimetric data tor 
ecurate matching or control purposes, the filters just 
ggested, or any others which will give curves mor 
osely approximating the ideal 7'.,,. 7). and 7, curves, 

ruld be satistactory for most purposes. In such use ot 


iS Was done 


obtained throug! 


. , 

filters one nee d not compute the vw value. 
values ot a a 
filters. 


In this case. 


ove by weighting the 
ind the 


, 
BS dire ctly. 


At I but can use values of 1 7 


further, if magnesium oxide 


Ul reterence sl indard One may consid - 
r y =. 1.00 
and 
I 1/3 
and that the eftfectin nant EY” (which w prot 
thly approximate davlight) w i\ same va 
th values of the hes ) Nn s Il / L1i¢ Wii 
therefore, be s mply 
— 
; 
= , j 
_) 
Y 
, p 
sil 
ent , ’ 
Oo ee ee a ee 
Phi foelectric ¢ ’ et 
When colorimetry s atte npted wit! i photo ty 
cell and 9-set of three filters : eee aia‘ 
the nature ot errors wl i\ present will d 
pe nd. of course, on whether or not one is attempt ng t 
obtain data on the 1931 I.C.1. basis. If o1 desires 
get values of vo 2 ind yon this standard DASIS, 
high tCCUrACV AS are obtainab] with ood spec }) 
ometric data and computations will probably be dis 
ippointed except in the meas it of small diff n 
where values for the standard a ndependently known 
The method iv prove ¢ onsiderable aceurac f 
white or mn white ite ls Ithough act st w 
be necessary it inv case to det ne the ex oy 
tude of the rrors involved 
lt one s not att pting to , n data on e 1.C.T 
basis, thre mivi« rion ft iC ic) s tl misist 
obtained with the res s of visual grading or exa 
tion. Reprod tv will pro nothing if the filters 
of the wrong tvp | should t MAS 1 t t 
reliability rt such } vd ve i») Te ) . j 
pendent mm mIST AM nad t od 14 \ 
) S parts contril ting tot ) tric i sO 
Ih eth rd ) lined i sing i ) yt 
s-filter instrumer for ) yUrpos “ 
\ ily 5 Of 2 / ind ra n ros rq 
il ybtained suitable for sp on ot s 
probably the best general pro | ) s 
nanv Cases These 4 ts a s n t | 
others. it is found that stil great sel ness 
thle for certain purposes \ sing ) ) t 
q int S as. the nportant it Ss. OS i 
I 7] W ich Thea \ found satistactory Por }) ! 
ing differences in \ rwness ry green i 
ete This depends on the part la pre () 
the least of th quant 2 t sto 
esiduals, ete... | t is doubt it s 
is useful as the mre dire thods sp I 
) MISCELLANEOUS FACTORS AFI CTIN¢ I 
DATA OBTAINABLE WITH [Ek INSTRI rs 
DISCUSSED ABOVI 
In t yre sections nsid tion of 
ilmost entire \ t] spe t i 5 ‘ 
] 
MIS par S 7 Tt! rst? nt + ng + 
nation of the various lata. I ld 
however. there are sev i rt 5s t 
onside red nm any re ‘ i ) 








V chanical Stability 


ent should be of sufficiently rigid con 


m that ordinary accidental pressure on any part 

\ not IT I he re ridings. Phe s umple holder should 
d gn and construction that the samples can 

Wil placed precisely n a definite reproducible 


Therma Stab lity 
l operating characteristics of the cells may be af 


ted by change of temperature, likewise the spectral 


isi ms of the selective filters. Certain filters, such 
iS those made of selenium glass. are so sensitive to tem 
rature change that hey should not be used. The con 
struction of the instrument should be such that the heat 
, Iluminant upon both the cells and the filters. 
ther bv radiation or convection, is minimized 


’ , 
Electrical Characteristics 


[hire factors are to be considered: 
1) Stability of the response. Certain cells are some 
\ t ! thle: different readings may be obtained de 


pendimeg m whether the eell has just previously been 


Kposed » strong or to weak irradiation. 
2 Phe ¢ etric circuit used. ‘The important question 
f th neident radiant energy is increased or de 


ised by any definite amount, its spectral distribution 
ng unchanged, will the instrument reading be in 
] 


ised or deere sea n precisely the same proportion 


Under certain conditions departure from proportionality 


iv be serious. The makers of the cells give considerable 
formation on these pomits and their descriptive circu 
Ss sho | he’ ¢ msulted Circuits ind cells which have 


itistactory are described in a number of refer 

nees ) of whiecl ire listed Lye low 
; l permanence of the response characteristics 
Cr Some cells deteriorate so that their re sponse 
to a vel lumination may be appreciably lower at the 
nd of a vear than it was at the beginning. If an indi 
itor is calibrated to register a definite value for a given 
lumination, it is particularly important to know that 
I] being used is stable in its response. In instru 
ents where the cell response for unknown samples is 


ompared periodically with its response for known stand 


ird samples, or where ratios only are determined, this 


leterioration factor is automatically compet nsated. 


O pti al ¢ harac leristics 


Phe optical design of an instrument will, of course, 
depend on the purpose for which it is designed. This 
purpose may be the measurement of absorption, reflec 
tance, opacity, turbidity, or color. In some instances ade 
quat di iWwrams showing the optical and mechanical de 
ils are apparently not available, nor are scientific 
descriptions of the instruments. It is, therefore, impos 
sible to judge properly the design of these instruments. 


In view of the great varietv in design and purpose of 


i different instruments, the writer cannot do more than 
ndicate a few points ol Importance in anv consideration 


; 


of such instruments. 

In any measurement of absorption, it is important that 
the light pass through the solution or other sample ap 
proximately at right angles to the end surfaces of the 
material, Otherwise the values obtained apply to greater 


than the measured thicknesses. It is furthermore impor 
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int in accurate work to insure that the multiple 


ions between thie samples and the optical parts 


+ 
} 


instrument do not introduce error in the resy] 


example, if one attempts to measure the transmiss 
i non-diffusing, non-absorbing glass plate by in 
it in the beam directly in front of a dry-disk 
cell, about 86% of the light re flected from the ce 
flected back to the cell from the plate and mak 
value of transmission obtained too high. The ery 
In INany Cases be computed but it is best to elim 
entirely if possible. If the transmission of diffus 
terials is being measured, the angular condit 
illumination and observation are also of Importar 
in the case of reflectance measurements. 

Several factors are of Importance in measuri 
ipparent re flectance of materials relative to a refi 
standard, which is the sort of measurement for w 
many of these instruments are designed. These w 


enumerate d in turn. 


The angular conditions of illumination and obser 


These should be explicitly and accurately stat 
results obtained by one design of instrument are t 
compared with similar results by another design 
only are the angles of incidence and reflection of im) 
tance but also the angular apertures of the beams. H 
ever, the importance of these factors in affecting 
readings depends notably on the diffusing propert 
the material being studied. ‘They are of great import 
in the case of a material such as aluminum paint, w 
apparent reflectance may vary from less than 0.2 
more than 1.00 depending upon these condition 
measurement. They are of relatively little importan 
the case of matt surfaces such as certain paints, pay 
etc. The most suitable conditions to use depend O! 
material to be measured and the purpose of the 
irements. Conditions which have been commonl 
are (1) diffuse illumination and normal viewing, w 
if the illumination is completely diffused, gives valu 
apparent reflectance equal to the reflectance for w 
rectional normal illumination, and (2) 45° unidirect 
illumination and normal viewing, conditions recomme 
by the International Commission on Illumination, and 
equivalent condition of normal illumination and 


viewing. 


Se The reference standard oT re fe ctance 


Formerly magnesium carbonate has been widely 


However, the reflectance of this material is apparent 


much more variable than is that of magnesium ox 
which is gradually superseding the former for 


purpose. Information regarding the preparation 


colorimetric properties of a magnesium oxide reflectat 


standard is published in National Bureau of Standa 
Letter Circular LC-3595., 

3. Equality of illumination on sample and standar 

Any failure in this respect will, of course, prod 
error. Lack of equality may be caused by (a) poor 
eal or mechanical construction, and (b) difference 
illumination of sample and standard caused by their « 
differences in reflectance, this possibility occurring 
instruments using illuminating spheres, hemispheres 
other inclosures, where both sample and standard 
not simultaneously illuminated~*, and in the use of « 


glasses over sample and standard”. 


1A. C. Hardy and A. W. Pineo, The f ) Due » the I t 
of Holes and Samples in Integrating Spheres. Jour } 
Society f America, Vol , 1931, pages Of 

DD By 1 K. S. Gibs Note on the Effect Cov 

Refl ince Measuremet ? } rc} j \ 
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esting Friction Tapes and Rubber Tapes 


By W. H. S. YOURY 


Outside Plant Department, Bell Telephone Laboratories, New York 


SRICTION and rubber tapes are used widely in the extensively used to wrap joints in wire used outdoors, 
4 installation of new plant, in maintenance, and in needs to have handling qualities which facilitate appl 
repair work. Friction tape is relatively strong cot cation as a relatively smooth built-in-place rubber insul 
tape impregnated with an adhesive rubber compound ition free from unclosed passages through which water 
makes successive layers stick firmly together when might enter. The stretchable character of rubber taps 
yped around any object. Rubber tape. or splicing enables it to be wound in irregularly-shaped joint 


pound, as it is common 
illed. is a ribbon of soft 
ileanized or partly vul 
zed rubber, which also 
ks to itself tenaciously 

{1 becomes a solid) mass 

insulation as successive 

vers are wrapped. 

Commercial types of tape 

ffer greatly in their char 

teristics. Friction tapes 

try from the so-called wet 

riety which are sticky 
ir tacky to the dry tapes, 
which have a relatively non 
tacky surface. Rubber tapes 
vary from the soft, almost 
unvuleanized compounds, 
which are tacky and of low 
tensile strength, to the more 
vuleanized types of consid 
erable tensile strength, which 
ire not tacky. The most de 
sirable type of tape depends 
upon the use to which it is 
to be put, and to insure the 
best possible tapes for the 
Bell System, conditions of 
use are studied as a basis 
for specifications. 

The important service re- 
quirements of friction tape 
for the Bell System are that 
the material must be strong 
enough not to tear when it 
is being wrapped tightly on 
to any object, and that it 
shall stay in place indefi 
nitely after application. It 
is essential also that the tape 
surfaces have the qualities 
of adhesiveness and_tacki 
ness which make the mate 
rial relatively easy to unrol]l 
and apply whether it is 
freshly made or a year or 
So old. 

Easy application qualities 
ire particularly convenient 
when the friction tape is 
used to provide temporary 
protection for an unsheathed 


cable core that has to be left overnight. Fig. 1 shows 
how the tape is applied by moving the roll so that while 
kept on edge, it is rolled around the cable core in a 
spiral path. It shows also the fingers of one hand pick 
ing the edges of the tape wrapping to check whether or 
not the tape adheres well to itself. Rubber tape, being 








Fig. 2. Making an adhesion test of friction tape. 


adhesion is not entirely 


stretching of the tapes as 
The apparatus and me thod developed in the Laboratories 


without | iving cracks under 
the edges of the Lape Vhis 


need for tightly sealed rub 


ber Cap Wrappings S in 
mmportant reason for the dis 
favor of “combination” tapes 
in outside plant us 
Certain spe cification re 
quirements are framed pr 
marily to control the han 
dling qualities of both fri 
tion and rubber tapes. These 
requirements cover such 
properties is tensile 
strength, elon 
tackiness 
Other requirements, in 
tended chiefly as criteria of 
the serviceability in the tel 
phon plant, ire those limit 
ing adhesion: the force re 
quired to pull the tape sur 
Faces apart after they have 
been pressed together about 


is tl 


uo 


htly as they would be 
in practical use. ‘Tests for 
tackiness and adhesion are 
made on both kinds of tape 
as purchased and ilso i 


in accelerated aging trea 


ment. 
The adhesion of friction 
tape is determined by th 


use of the ipparatus shown 


in Fig. 2. A strip of tape is 
wound on oa mandrel unde r 
a specified tension, produced 
by a weight hung from the 
end of the strip. After the 
tape is fully wound up. 
is held under winding pres 
sure for a specified time, 
and then the winding weight 
Is re place d by ‘A lighte r one, 
giving a load of 4 Ibs. per 
inch of width, and the roll 
is allowed to unwind under 
its action. The distance it 
unwinds in one minute is a 
measure of the adhesion 
This comparatively sim 


ple method of measuring 


satisfactory for rubber tape, 
because when layers of rubber tape are pressed together, 
the surfaces in contact practically fuse together, and the 
force required to pull them apart is affected by the 
their surfaces are separated. 
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Fig. 3. One of the 


(1) two rt 
drels used for adhesion test of 
ber tape; (2) tape ts first stret« 
to three times its original len 
(3) it is then wound on the 
drel under a prescribed load; 


two of the mandrels so wound 
en pressed together at 


{ 


yressure ind tor 
‘ iriatior 
t ne idl on I 
tap i SthOW 
| ( it two smal 
ind t fl 
) | s first we n 
4 ta) \ rs. 7 ? ‘ tay 
1 to th times it 
J nit ny 1d wound 
rile nsion oO i 
lef weight. Then the two 
flattened sides are pressed 
toget nder oa specified 
nd tor a specified 
| mwihy is t \ i! 
1 to tensile tiny 
a ind force rr 
, 
red »» I pal 5 
i i 1s I ’ tl 


not »dlet Vv q intita 
\ Prous vil i Ol I 
I sil ott ( n Lye 
t 1 by holding 
“ Te ) i strip a Tew 
a ind then fl pyun 
surfaces of the tape in 
cT \! ey th S ligh 
mitact I) \ sho d st ck 
mwrethet \“ " ippred il 
Wi ch 5 pudged i 


mon- 


a specified 
a specified time. 


nan- 
rub- 
hed 


gth; 


(4) 


are 


\ 


th 1 ihpoeay Orie surface ol 
{ iyo Is illy d tfers trol 
t ther in wkiness., and 
t st is made for th 
three possibl side to-sid combinations Packiness of 
ber tape is evaluated by stretching it to three times 
ts length, winding it under tension on a mandrel and 
ting if there is a tendency for the winding to unrol 
“\ n tl tension is released 
It » Just ‘ Inportant tor tapes to have satisfac 
tory haracteristies i considerable time iiter man 
ict is s to bas hem good when CW Io 
7 , B Syste requires i tapes 
nent Lite? i specih d iging proce 
| | ring mT tapes Ss greatly ] 
| \ igh }) i ( exposure Oo sunligl Or 
nt wit ur wil in ippreciable OZone content 
Many vpes of aging tests have been emploved by the 
| woratories n their studies of tapes Lhe test em 
ved tor inspection purposes, however. consists in 
storing t Ils of ipe for four days in a tempera 
i wo. Studies hay shown that tapes having 
stactorv properties after this aging procedure will 
soot satistactory for plant use after more than a 
r of ordinary shelf storage 


| Xpe riment il work in 


intiate d this be lie 


thie 





Laboratories, however. lia 


subs f. and consequently no such 
ping is req red for the Bell Svstem each roll is ] 
na cardboard container and no other Wrapping 
quir d. Both rubber and. friction tape are supp 
three widths ‘ie I’. and 2”. Friction tape is 
n ) s. Black is the one most commonly 
y ind dark brown are ivailabl \ 
COLO i pid s sirable Ss nee thre rubber 
\ overed with ftrietion ip ( Y 
t pot ( ind Ss ho specified, It 1S sua 1) 
or black. Two s of rolls ar sed for friction t 


Ss pa 
larly useful where space is at a premium, such 
Wrapping aeri l cable where the roll must be passed 


rolls of 
too bull 
It would require 

ton trucks 
inn 
purchased in any one \ 
oO en strips 


rom N 


ca spect Vt ly. Uh smalle r ro | 


more 


4s 


t 


VW 


from 


0) 


messenger. Rubber tap 


+} 


han thirtv feet. since 


fifty to one hundred 
carry the friction and r 
he Bell Svstem The q 
r. if in ” width, would 
ross the entire breadth 
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athode-ray Oscillograph Applications 


| Cat ()s \ 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I.. N.Y 








FORM ANALYSIS WITH A SINUSOIDAL TIME BASI It is stated that when L and ( ssentially in 
s method may be in reality a modification of either resonance, small changes in 1. will produce considerab 
inear time base method, heretofore described. or the change in the phrase of the currents, a feature that man 
ir method, depending upon the relative frequency of prove useful in other studies 
timing sweep. If it is adjusted for some submultip! Oscillograms obtained with a vnchronous sinusoida 
lhe Prequeney of the Wave under investigation, th time base « in be conve rted to the correspond ne tvp 
e of those eveles that appear near the center of the rectangular coérdinates ind vice-versa ly sing agra 
nm may be analyzed as linear. If the frequencies ire ical construction \ circle is drawn with a d 
il. either a curve of the polar type or a evelogram equal to the extreme length of the osc llogram proj 
lke on the horizontal axis. The circumference is divided int 
Che wave-form of the time base must be essentially i number of equal sections as in Fig. 21. As shown at 
pure sine curve, or the wave-form of the potential un the right. an equivalent number of equally-spaced on 
‘investigation will be distorted. Corrective measures in dinates are erected on the extended horizontal ax { 
form of filter circuits through which the timing way form the field for the rectangular system, ‘The poin 
ist pass, may be applied. One such arrangement dis intersection ol the oscillogram with each successive 
osed by Irwin.” Fig. 20, is especially adapted to cir radius is then projected to the series of ordinates at tl 
its using magnetic deflection coils D-DD. In this cir right, where they indicate the contour of curve B, I 
the deflection coils are tuned to resonance to the es 
ncoming frequency using a suitable condenser ( in fo indicate the process with a single transportation 
varallel with them. This parallel] combination is) con the process is also shown in Fig. 22. A line 1B, perpen 
wcted to the supply through a series resonant circuit. diculan to the horizontal axis, intersects the cirele at t 
RLC,. Ukewise tuned to the supply frequency. With this —— distance # and ast xtended to the oscillogram at 
irrangement the timing deflection is obtained from. the B. Vhe line AB is projected to the rectangular coord 
source of power under investigation, and so it eliminates % ites on that particular ordinate representing the ar 
J] need for an auxiliary oscillator and means for svn lar distance 4 
hronizing it to the system, and therefore represents an A similar process can be used to plot: the harmonic 
xtremely simple method of delineating waveform. content of the wave only. Along cach ver | ordinat 
it the right the linear distance between the pom rn tine 
‘ : rele and the pomnt on the oscillogram directly abo 
or below it will produc the curve C in Fig. 21 
; Phe process of converting a polar curve to rectang 
ir coordinates is similar, except that the equally spaced 
: ordinates of the rectangular diagram are given heights 
“7 proportional to the radial distances from the origin 




















































































































Fig. 20 Fig. 22 
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Fig. 21 \ 
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intersection of the axes) to the curve, the distances be 
ing measured along spaced vectors equal in number to 
the number of ordinates used (not counting the last 
vertical ordinate which corresponds mathematically to 
the first one 

Che rules applicable in the estimation of harmonics 
present based on the elliptical form of diagram, are not 
is definite or as accurate as with the linear tvpe. A 
numb r ot analytical methods for such Cases have been 
published at various times. The amount of eccentricity 
with respect to the horizontal axis denotes the relative 
amount of one or more even harmonics.~’ This eccen 
tricity can be indicated by quickly reversing the connec 
tions to the vertical deflection plates, whereby the dia 
gram reappears inverted on itself. Other methods for 
this analysis make use of special seales, templates, and 
polar planimeters and so on account of their complexity 
will not be repeated here.” 

In Fig. 23A a true ellipse is shown, which is obtained 
when the wave applied to the vertical plates is without 
harmonics. The horizontal deflection is produced in each 
ease by the application of a synchronous sinusoidal wave 
to the horizontal plates. In contrast with this figure the 
next three diagrams show the effect of a third harmonic, 
the difference between B, C, and D, Fig. 23, being the 
phase displacement between the fundamental and har 
monies. Fig. 23E shows the effect of the fifth harmonic. 
and the last three diagrams, F, G and H, show the dis 
tortion produced by a second harmonic with various 
phase differences. The above-me ntioned eccentricity can 


he noted m these diagrams. 
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Fig. 24 shows the same type of diagram with re] 
ly large amounts of the eighth and the sixth harm: 
while Fig. 25 shows a representative diagram when 
harmonics are present, in this case the second and 
third. When the wide variety of possibilities in the 
ter of both relative amplitude and phase difference 
considered it will be seen that many types are prod 
by the same two harmonics 

POLAR CURVES 

The term “polar” diagram has often been used rat 
loosely in describing the above type of cathode-ray 
cillograms. ‘True polar diagrams cannot be easily 
duced with a cathode ray tube, with usual means.* 

To bring out the distinction a series of possible n 
ods by which a speciman wave-form might be delin: 
is shown in Fig. 26. The linear curve A is a sinuso 
wave to which a 50% second harmonic with a 15> ph 
angle has been added. A true polar curve of the sa 
wave is shown at B. If A had been a sine wave wit! 
harmonics the polar diagram would have been a cir 
passing through the origin. In this case however a ty 
lobed figure results. In B the radius vector rotates 
constant speed, one revolution per cycle, and has 
length equal to the instantaneous value of the poten 

Lissajous figures produced by applying the same wa 
form to the vertical plates and a sine wave having 
same frequency to the horizontal plates will give a 
gram as at C. This curve is but one type of figure 
might be found, since differences in phase between 
wave and the time base will alter the appearance. W 


other phase relations the appearance of C may d 


as shown in Fig. 27, where several other possibilities 


+} 


shown. No matter what the appearance, if any of th 
figures are converted to rectangular codrdinates by 
method of Fig. 21, the same curve will result (that 
Fig. 26 curve A) although it may start and stop at 
different point in the cycle. 

A fourth type of curve might be obtained wher 
wave A, Fig. 26, produces radial deflections to and 
a circular time base. In this case the appearance 
pends upon the relative amplitude of the superpos 
deflection. This type of diagram is shown in Fig. 2¢ 


ty 


"One method woul e upply the measured wave to a pair 
flection plates and then to rotate the tube in synchronism aroun 
to deflection coils that are 1 
in synchronism around tu A third method is to photograp! 
diagram with a pol: mera such as has been described in the 


1936 article 


own axis. Or else to app 





nother curve (not shown) would be obtained if 
under test could be applied to the deflection 
hrough a phase-shifting circuit. The actual shape 
similar to Fig. 26C but will vary depending 
ther a resistance-capacitor or an inductance-re 
circuit is used. 
rring again to the phase splitting circuits, it 1s 
evident that the fundamental and each harmonic 
iffected differently by the divided circull. In 
sistor-condenser circuit. the component of the po 
icross the condenser due to the harmonics art 
ely unimportant compared with the same compo 
icross the resistor. However, the reverse is true in 
ise of a resistance-inductance rotator circuit. Again. 
‘ase of a rotator circuit using a virtual resistance. 
is Fig. 38, April 1936 article, the resistor LC acts 
condenser for all harmonics and so suppresses the 
tion produced therefrom. A circular time base pro 
d by a “virtual” resistance-condenser rotator cir 
shows less effect of any harmonics that may be 
ent in the applied wave. 
CIRCULAR PHOTOGRAPHS 
In certain tests involving wave-form studies it may be 
ssible to simplify the analysis by making a circulan 
July 


199. The basic diagram is a circular figure, 


tograph of the diagram, as explained in th 
irti¢ le ‘ page 


here the harmonics produce radial deflections. A pho 


graph of this figure is made on a_ rotating film. 


The Lakeside Station’s 





clamped on a disk rotating in the focal plane of a lens 


uy 
at a speed equal to the frequency of the wave under in 
vestigation, 

If rotated in the right direction, a cire 
will be 


appear as a small cirel 


photographed is a single spot. 
whose diametet 1S equal to the 


difference between the major ind 


similar ellipse produced by a wave having a certain 


amount 
28b. The 


f the second harmonic will appear as in Fig 


. | 
latter diagram s not unlike the curve 


shown in Fig 


Where adjustments 
of the deflection po 


}) | ir 


entials are made so 


this arrangement im 


ether eliminates the 
fundamental fron 
the problem, le ay 
ing only the har 
monics to be ina 
lvzed 
Physic il d tt Cl | 
ties inherent with this method in the matters of produc 
ing synchronous rotation, of producing i true basic cit 
cle. and ot keeping the lens and the circle concentric 


make this arrangement less useful 


“Model” Control Board 


Ciry oF SPRINGFIELD, ILLINOIS the following pressures, reading meter are mounted two Westing 
DrvartMENT OF from left to right: forced draft. sec house speed indicators for 
Water, Ligut anp Power ondary air west burner, secondary forced-draft and for the induced 
lo the Editor of Instruments air east burner, furnace draft, boiler draft fan, two Westinghouse pist 
outlet, induced draft, coal-air west grip switches for starting and stop 


N reply to your inquiry we take 


pleasure in giving you the fol 


vaLves are 


ao 
4 


lowing brief description of the 
boiler control board in our new Lake 
side Station. 

The Lakeside Generating Station, 
which is used for generating electric 
energy and pumping water to the 
part of a project by the 
City Water, Light & Power Depart 
a new artificial 


city, 1S 


ment which includes 
lake of 21 billion gallon capacity and 
1 new water purification plant. The 
first section of the generating and 
pumping plant was put into opera 
tion last Spring. This section con 
sists of one 110,000 Ib. hr. Spring 
field boiler and one 10,000 kw, 3600 
rpm., General Electric turbine oper 


iting at 400-lb. 700° steam. 


The left panel (as one faces the 
board) has mounted on it, from top 
to bottom, a Crosby steam pressure 
ndicator, a Bailey boiler drum water 
level recorder, and a Taylor three- 


ur temperature and the temperature 
f the flue gases entering and leay 
ng the preheater. 

The center panel has a Hays eight 
init pointer draft gage indicating 


fo to BP Ee 


mill, and coal-air east mill. The drat 
flanked 


ping the motors on the two f ins, and 


by Tavlor tem two W ; stingho St pistol r } 
switches controlling the motors. on 


1@ 
'@ 





perature indicators, showing the tem 
perature of the two burners. 
diately below the draft gages is a 
pen recorder showing the preheated row of six indicators of the 
boiler-control system. A Bailey boil 
er meter, recording the air flow, and 
recording and integrating the steam 
flow, occupies the central portion of 
the board. To the left of the 


thre pumps connected to the hvdr 


lic coup! ngs which connect the driv 


ny motors to the tans To the right 
ot thre boiler meter ire two West 
inghouse ammeters showing the « 


rent used hy ead h; pulve rizer motor 
and four Westinghouse pistol-grip 


switches for starting and = stopping 


each of the pulverizer motors and 
each of the 


tors. A red and a green light ibove 


pulve rizer feeder mo 


each switch indicate whether that 


circuit is closed or open ‘he nine 


remaining control knobs on the cen 


ter panel are part of the Hagan 
boiler-control svstem 
The right panel has on it, from 


top to bottom. a ¢ rosby feed wate 


» 


pressure indicator, a 4 ley feed 


water flow recorder and integrator, 
Imm ind a ‘Taylor two-pen temperature 


recorder showing the temperature of 


Hagan thre feed water entering the boiler 
and of the steam leaving the boiler 
S. J. Sistey , Sup’t 


Electrical Department 
boiler By: W. K.. ( OMPTON 
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“Model C--an 
Entirely New 
Potentiometer 


The most rugged, most reliable 
and foolproof portable potenti- 
ometer ever built. 


Its calibration is established by 
basic physical properues of ele- 
ments. No standard cell or other 
chemical device subject to de- 
terioration is employed to stand- 
ardize it. 








tecurate and reliable in the 
hands of the technician, safe 
from damage in the hands of 


the workman. 


Completely self-contained; Size 6° x 






x 4 Weight four pounds; Beautifully 
Bakelite 


Write for full details. 


HURL R.ADAMS 


Alhambra Way 


finished molded throughout 





Pittsburgh, Pa 











A complete pictorial dis- 
play of Ames Gauges 
with modern illustra- 
tions and interesting but 
brief descriptions. — It’s 


vours for the asking. 







B. C. AMES 
COMPANY 


Waltham, Massachusetts 











Oscillography 


By PERRY A. BORDEN and M. F. BEHAR 
Member A.I.E.E Editor, Jnstruments 


(Continued) 
5. Recording and Visualizing Means 
(a) General Principles 


in previous sections to devices 
the motion of the responsive element (whatever its type) may be 
er 
r recorded. Such devices are of necessity incorporated in all types of 


Trrapns, and their forms 


vary considerably. There are, however, onl 


basic principles which need to be utilized, and in the following para 
1 Wd - La } iploved . ee eae : 
tnese V1ll De s rortn as tney afl employec n electromagnetic and 
7 ie , 17 ae 
yt oscillographs, 1. e., those oscillographs which Incorporat 
itors 
The vibrat f ay Retin: pitheies tie wibbeiees. Zk” tained 
le vibrator of an oscillograph serves the purpose of imposing 

aay? : _ 
beam of light movements representative of the changes in the current 


investigation: but in order to make use of this vibrating beam 
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Ground Glass Screen 


! if 








ccoTe 
[= 


ajo 








4 H 

| 4 

‘ 

. Ni ~< 

4 y—\ ~ 
“Ee 

3 \@ 








method of rendering the wave visible in most modern oseill 


In Fig. 49-13. The light be: s fi ‘st passed thro igl a condenser lens 
re ligh um is first pa rough a denser let Do you know 


Juce a clear-cut image. A 


graphs 1s 


slit which serves to define its edges and prod 
reflecting prism then serves to direct the spot on the vibrator mirror, your vacuum 2 
. 


| 

it is reflected, with the vibrator movements superimposed, to a | 
ror by which it may be directed either upon the photographic film or o1 
ting polygonal mirror. In some forms the beam is split, so that a portion 


1 1 
projected on each, making possible simultaneous viewing and 


spot 1s 





t ‘ 
’ ‘ 
j 
i 
Fig. 49-13 i 
= Let the TRU-VAC gauge tell 
you—accurately—continuously. 
Vibrator f 
Records pressures from 0— 
10,000 microns. Invaluable in 
processes requiring dependable 
wraphy. The polygonal mirror has the effect of causing the spot to swee} knowledge of vacuum condi- 
eatedly across a translucent screen; and by bringing the rotation of the tions. 
rror into synchronism with the movement of the vibrator, the wave will aie tae eee 


) 
] + n f ) <+ 
ill, so that it may be observed, measured, and traced gladly sent uf eque 


tand stili, 
In some General Electric oscillographs, instead of a polygonal mirror, ther CONTINENTAL ELECTRIC CO 


mployed a single mirror oscillated by a cam. By giving the cam a “quick Ch Chance & © inate 

















turn action, 1t 1s possible to cause the spot tO sweep 1n one direction over PHOTOCELL VACUUM SWITCHE 
screen during a large proportion of the total time and to return quick] — 
1 a “ ad | 1 
the opposite direction. The beam is momentaril terrupted as the mirt 
lcKly reverts to its starting position, so that the return portion of the wav 
me : : i 
ut off. Thus, with the motor in synchronism, a continuous stationary wav 
] ° > ] 1 } ] } ] 
pears on the screen. This is the mechanical analogue of the now-familiat DU MONT OSCILLOGRAPHS 
saw-tooth sweep of cathode-ray oscillog1 ipns (to be des ribed in Section 8) 
iis dele Sovelas ok Ueadonnteations cacillepcanks. onovisien is wade for-oroicc Incorporate Many Advance 
eg cae ' 1] ape . 
the light spot on a wall screen, giving an image several feet high: but 1 F t { D 
“I :. A waghesr : a oe eatures of Design @@@ 
most moder forms the screen 1s on the side of the instrument, and t 
ite SIT) Ss sull N) t ender t LV iT \ is I 
\ 
\ 
\ eer " 
\ ; 
\y 
\ ~ 
Fig. 49-14 : 
Vy 
WwW 
x AS ‘ 
ss 
is SS A 
\} 
t~ “ os N 
‘ e rt 
"se ie) . 
—s) : — HR RICA 
S> YGONR . >, Du Mont manufactures th most mp 
é CF RROR . »f Cathode Ray Oscillographs. Models avai 
et - 
(> ee using 3 and 9 i at d tube A 
) eal fs YLINORICA lant tet + 
} p Parody nina a aes ar ectronic Swi and f a 
¢ Se VIEWING Arm dobar ment including a moplete 
boy . y % and Sweep Discharge Tubes 
% ‘an ¢ These products e 
{ P, } MPOUN' essful manu tt Every 
Ww TAB j } RRECTE ed by Du ™ } r 
“ ie P, aS actured i ) Moot La i w 
bt, Dept. X3 fo etailed informati 
s 8 Allen B. Du Mont Laboratories 
at » INCORPORATED 
oY »PER MONTCLAIR, N 4 

















(b) Multi-element Oscillographs 


{ f +] 4H] Ly +] nded } Ls | 

Th ilness of the oscillograph is vastly extended by the employ: 

number Of indepel dent vibrators simultaneously projecting portions 
ved from the main source, on tO a COMMON surface as show! 


49-14. (Westinghouse). This makes possible the comparison of 


ind permits studying all matters of time sequence and pha 





ship. For many years the standard number of vibrators for an osc 
is thi but in recent models, six, nine, and even twelve, are us 

electi tic oscillograph is a most complete instrument, 

I levices whereby the instrument may be brought 

tala iti sli St esi tt tual n proper timed relationship to transient or non-recurrent phenomena 

i) | forms are available for different classes of work: and while no 
| ve classification is possible, there may be mentioned as classes 
rch, power plant, and sound laboratory models. To thes: 


| 1 
Is. in which a number of accessory features are sa 


makes good Instruments » | ht weight and small dimensions: and high-voltage models. in wl 


1 1 
vibrators and associated parts are provided with special insulation t 
B E ° y E 4 lirectly connected to ungrounded high-potential conductors 
[ruflex adds the final touch to the = : = ‘a 
finest instruments by giving over-heat 5. Electromagnetic Class 
provection, ambient current compen (a) Forms of Vibrators 
sation, automatic control and many 


1 | 1 
ther desirable features. Though there have been mentioned several distinct principles 
Truflex is a precision rolled, lami hanges in the position of a beam of light may be utilized in oscillo 
ated bi tal that responds uniforml } } . 
ated meta ut responds unijor 4 perience has shown a number of these to be of little more than a 
to temperature changes. Comes in 24 1 1 Tr 1 
combinations of metal. Is not injured terest with scant practical application in industry. The best-known a1 
by over-heating videly applied of thos principles Which involve mechanical moven 
Manufacturers have found Truflex parts OF the instrument is the electromagnetic mMOving conductor, in w 
easy to apply to hundreds of prod oe apres Poa | F ; , 
ippl) hundreds of prod conducting fibre or loop vibrates in a magnetic field in response to 
i¢ SEE } it 1t Cal do tor yours 
; 't carries 





GENERAL PLATE COMPANY 


ATTLEBORO, MASSACHUSETTS, U. S. A. 


SPRING TENSION IVORY BRIDGES =} 
ADJUSTMENT NUT 





2 New 2 
D ( plain in Section 4, and was shown in Fig. 49-5 
Fe Xe A complete General Electric vibrator, of a form which gave most 
. ‘,? factory service for thirty rs and only recently } bee nerseded. i 

= . iclOry Cl ee TOr ThAIrty years and OnLy recently Nas Deen Superseded, 1S 
Sensitive | | 

Fig. 49-16. Here is seen the strip passing over bridges B,B, and around 

Relays 


i 49-15 gives two views of the standard element used in most W 





: tan ' 1 1 
Ise Oscillograpns The operating principle of this vibrator has been 
I It I I 


vory pulley P to the terminals T,T. Tension is maintained by a helical 





SENSITIVE 
14 Milliwatts for positive operation. 
ADJUSTABLE 
Pull up—drop out—speed. 
DROP OUT 
From 50 to 85% of pull. 
CONTACTS 
Fine silver—11s amps 110 V. A.C. 
RANGE 
.0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES . : 
1C—Wide contact separation. ment of tension is effected by the knurled screw at the end of the frame. | 
2C—Speed .001 seconds. mirror M, of silvered glass the size of a pin-head, is barely visible mid 





Fig. 49-16 


the small cylinder S, attached to the rod which carries the pulley. Ad) 


, ‘ : . xa ' ( 
RUGGED between the bridges. The strip (which is of a silver alloy) is 0.007 in. wid 
Some owe report 4 years continu- 0.00075 in. thick. Its resistance is about 1 ohm. and its normal operating 
us satistactory operation. - - 
™ P rent approximately 100 milliamperes. This form of vibrator is now su] 


' | seded by that shown in Fig. 49-17. While the principle remains unchang 
Kurman Electric Co., Inc. | oe , wi pS ly f ‘it , See . y 
. he mechanic srovement greatly facilitates convenience in use and pt! 
241 Lafayette Street, New York City the mechanical improvement greatly facilitates convenience in use and | 
vides an element more rugged and permanent in its characteristics than 
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Fig. 49-17 


earlier form. The vibrating element carrying the mirror 1s mounted on 
rear cover of the galvanometer cell, and is readily removable for exam 
on 
[The vibrator of the Cambridge (Duddell type) oscillograph is shown in 
49-18. The pole-pieces of the magnet system form a part of this unit, 
iking it possible to locate the strips and the mirror with great precision 
| stringing the vibrator. Interchangeable with this unit is the Cambridge 
trostatic element, Fig. 49-19 (which was shown diagrammatically in Fig 
7). The front plate is swung to one side, exposing the vibrating filaments 





Fig. 49-18 Fig. 49-19 


Note—These three 
illustrations are 
exactly half-size 





Fig. 49-20 


ind the mirror. Interchangeability of vibrator types permits any desired com 
bination to be made up by the user. The electrostatic vibrator finds its partic 
ilar application in voltage measurement on circuits of the power frequencies, 
vhere the available current is limited, but in general it not used where the 
vibrating loop type can be applied. 

Fig. 49-20 shows a recent form of vibrator for an Einthoven mirrorless 
(see Fig. 49-4) string galvanometer as manufactured by Cambridge. This par 
ticular unit has twelve strips mounted in a common magnetic field, permitting 

record to be made of as many variables. The fibres (stretched between the 
vhite pegs) are so small that they are barely perceptible in the original photo 
graph. 








Self-contained, 
Direct-reading, 
Rugged and 
Fool-proof 
Unique construc- 
tion permits meas- 
uring temperature 
of minute spcts, 
fast moving ob- 
jects, or small 
streams. No cor- 
rection charts-—no 

accessories. 
Available in new 
type with 3 direct- 
reading scales. 
Stock Ranges: 
1400° to 5500? Fe. 


PYRO RADIATION 
PYROMETER 


Ideal for furnace or 
kiln use. Gives act- 
ual heat of material 
























aside from 
furnace or 
kiln tempera- 
ture. Does not 
require skilled op- 
erator. Stock 
ranges 1000 to 
3600° F. 


Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 
GRANT BLDG., PITTSBURGH, PA. 














Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination— 
size 12 x8 x6 


RANGE OF MEASUREMENTS 
D.¢ nm i 


v 


List Price $165.00 


The Rawson measuring instruments are the 
only ones having two pivot movements whose 
weight is lifted from Jewels when clamped for 
transit. Electrical clamping does not accom 
plish this purpose. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST CAMBRIDGE, MAS8S 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber 
1217 Washington Blivd., Chicago, II! 
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The ARCRONOGRAPH for 
ARC WELDING CONTROL 
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instrument 


roduced by current in the circuit under investigation. It 
uniformity of are , , , . . : 
; ' in this manner is subjected to voltage par dicucaek 
ream, quali of welds and _ skill : | 


R 


RUBICON COMPANY ). A vibrator of this electrodynamic type, as produced by W 














I 49 | i's 

Mak To round out this discussion of electromagnetic vibrators, it is not 
) North Sixth Street Philadelphia, Pa : ’ : : : fa | 1] 
} t { i-Va ) 

f . iF H t 

nted rig ul d 
d *¢ 1k 

\ at n 





At Last . 


ONE (b) Vibrator Assemblies (**Galvanometers” ) 
INSTRUMENT beer gh goers sage ne acer 
FOR MEASURING sarlier type of General Electric oscillograph, of which the vibrator s! 

ANY a ee ee a a Fig 
RESISTANCE : | 








SHALLCROSS MFG. CO. 


COLLINGDALE, PA 














INSTRUMENTS 
Page 348—\ a 











BN oa 











brator is immersed in a transparent damping fluid contained in 


J between the magnet poles, and having a small gla 
@ mirror 
| 


’ ] ] 
dern advances in magnet alloys have made unnecessary the use of 


| 


t 


magnet; and practically all recent designs of oscillographs are equipped 
permanent magnets, making for lightness and compactness and facilitat 
insulation of individual vibrators when used on high-voltage tests 
struction is used in the latest type of General Electric assembly, shown 


system, 
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le 


x 49-23. The galvanometers, while using a common optical 
rically and magnetically independent 








Fig. 49-25 





Fig. 49-26 





A Cambridge three-element arrangement (with an electr 
> >) ey ‘ ] . t 
ise) 1s shown in Fig. 49-24. It is available also in a six-element 
‘orm |} cawicensiucl bass Baacel latices ted { ] 
i form having especially high insulation suited for 
otential circuits 
1 y 1 | 4¢ 
The Westinghouse six-element assembly is shown in Fig. 49 


iailable also in a nine-element form.) Fig. 49-26 shows the si) 


nometer used in the 


Siemens oscillograph To Be 
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Jewelled movement. Balanced to op 
erate in any position. Positive oper 
ation on 4 milliwatts, D.C. Single 
pole, double throw. Mounts in stand 
ard 5-prong tube socket 


A useful adjunct to 


V.T. controls 
Supervisory and alarm circuits 
Signalling 


LIST PRICE, $10.00 
SIGMA INSTRUMENTS, INC. 


388 Trapelo Road Belmont, Massachusetts 
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accurate gas pressure. 





Electric Vacuum Gauge 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
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the past 


years 


+ In general use 
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Sim- 
sturdy. 


purposes 
ple 
Comparatively 





nexpensive 
Illustrated 
bulletins 
free. 
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9025 Van Wyck Avenue, Jamaica, N.Y. 
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Standard illuminants are on 
I erms [ I se of the Intern 
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present ‘ Standard C has beer 
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L y to standardization of « or ir 
erms of the data of Wright and G 
is ilculated for the LC.1l. into values 
vi h do not require negative figures 
The dependence of visual color the 
ght source is strikingly illust by 
spectral reflection curves of a _ blue 
iS en paint in Figs. 1 and 8. That two 
olors may be the same in one light 
ind different in another emphasizes the 
need 1 iniversal color language 
suct s the L.C.1. tristimulus values. By 
su I treatment of the tristimulus 
va s b tness can be eliminated as 
f ’ n comparing colors. Represen 
tatior f chromacity in terms? 0€ the 
es System permits a clear ex 
1 f the relation of dominant 
\ ‘ engtl nd purity, even when the 
1 nar vave lengtl fa colo Ss ex 
I ed in terms of its complemen 
I mparison of sources of light 
! ling pe fications of L.C.] stand 
is A, I ind ¢ is followed by tables 
tne enereg distribution ot those 
s nd is ind spectra distribution « 
sunlig ibove the tmosphere and a 
! n Washington. Spectrophotometry 
hon eneous & i non-homogeneous 
t ils s explained in terms of 
13 wu (Lambert's) iW ind Beer's 
\ f which the first applies strictly 
it tl latter becomes only in ap 
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Nor neou t nsmittine ma 
t s ting 1 terials pre- 
er I prob s. Subtractive colo 
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{ i by at f f complemen 
t ve engths, Dete 
" 9 alues. by ¢ 
limate t i ‘ 
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pages tristimulus \ 1 
ted ordinate method is s 
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, ; follow nd the book or 
1 ‘ 24 rge-scale sections of 
’ vad . 
the physicist equipped by train 
t nd experience to use the data the 
. IS J ess as presenting material 
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the S¢ equire days t least, to as 
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tho ind his assistants are to be 
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ndat ! t this stage ¢ ts develop 
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Colorimetric Methods of Analysis, 








Vol. 1, Inerganie (Second edition). By 
i ind ¢ I S D. Var 
Nostrand & & New York 193¢ 
Leather, 6x9 nches, 717 pages. Price 
Wi e based I tl 1 presented 

n the f edit ! this edition is far 
mor xtensive ! scope and brings 
the entire subject right up to date It 
ntains valuable comprehensive sur 
vey f the colorimetric methods for 
luantitative determining the metals 
etalloids norganic radicals and hy- 
lroger on neentration. The newer 
urbidimetri ind nephelometric meth- 
ds are Is neluded. Many of the bio- 


yzical methods involving the 
mination of inorganic constitus 
ritically reviewed 
he subject matte! Ss t 
nted The theor inde i 
neral methods en oyed f 
f racy which ght t 
ot ner theiz limits is vell 
pplicability ire clearly and 
stated and I Supported b 
rehensive bibliography W 
tlicting evider has ppeared 
t it é this is called t the 
ttention by the authors’ comr 
The first seven chapters de 
he theor of colorimetric ana 
the methods and pparatus er 
Chapters VIII and IX treat f 
metry, photometry, turbidit 
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through LNITI are devoted ¢ 
metal, metalloid or radical] ed 
{ ning 1 coneise treatise ft t 
fic method and apparatus 
the method of preparing thé 
nd reagent, the procedure ti 
lowed, the preparation of the re 
tandards ind the accuracy t¢ 
pected, Chapters LXNIV through 
ire devoted to colorimetric h 
m determination methods 
The book is unique in that 
tains more han 100° ill 
riptions of the val 
ised it colorimetri« 
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that the reader soon 
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These ind the 37 tables of ad 
lired for the preparation of t} 
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eleusmati« in nature i © 
butior to that lusty ung s 
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te de Gruyter & Co., Berlin & 
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Price ] RM 
TI s a second editior f \ 
na series f handbooks spor 
he Siemens manuf turing inte 
Germat Although it is 4 
or i handbook coverir 
f nstruments and t rie 
by the Siemens Halske Compar 
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‘ ture 
I s divided esser 
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1 e1 meas ment i 1 
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<nown it American practice 
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tected 1 ur temp rature, 
nd radiation to the same « 
NSTRUMENTS ves a nstant stream of questions, and answers most of them im- human bodv in which the blo 
ately. A selection of Q&A's, of general interest to most subscribers, and involving erature is normal: it is firs 
which are NOT dealt with in readily-accessible sources, will be printed every 0°F. and then placed or 
nth in this Department. Many of our immediate answers, no doubt, are incomplete; and hed or other location. unde: 
we shall be pleased to print additional answers from readers in position to know methods nd the time to fall fro 
nd devices which have not sme to our notice. One dollar will be paid for each supple 5°F.. taken by stop itch. j 
ntary answer printed n this Departm ont the combination of the three 
2 Lhe radia-kata-thert 
rought out by Till a few ve 
to determing separate 
[).¢ to A.C [ eft radiation, convectior nad | 
Question N«¢ : Subject Index 12.1 hilar Ii OU KNOT 3 Various forms of wet 
fered | thermometer ire desienec 
‘ Fered lirectly in degrees of “effective 
u scient comfort ture”’—an H.S.H.V.1 ter 
/ lh fad facto ombimation ot temperature, 
\ \ir-conditionu ( neers recog ir motion 
1.2 " wrtant factors: i] Lhe l up Theascope, 
el er ‘ ici Cire tior ( ecent invention by DBriti 
P Phese pertan to a ( determine the comfortable 
thev chiefly e to ce it] fortable character of the air i 
lie t t one fee comtortable a 0 that. but CTUALIN com 
/ cold ir ( sperimenta CTIONS Of Vv kat thermonu 
ir-conditioned roon calorimeter totalizing he 
l ) il | re dia mil ted verave clothed | 
( ‘ eale enti rit to the surroundin i} 
‘ ne urtace mperature { Dron rare ith radiating md | 
S ‘ i rare. Im most roon oft urbace In it icinit | ‘ 
e ett direct ad l " ‘ 1 hollo CVil der ( { 
| comfort Ss OT move fron 4)”. finished in black for se 
\ ( dependi on rt 1 haiti e tte cep a ( 
I ( ( t ) rice eas ste pty re ep n electric heatin ele 
( ( mr alete inl I ity seo ‘ url elemetr Is n ora 
! \ ‘ riment re est hi isolate sample hour meter, the registrati ot 
el i! | " ielded inst radiation proportional to the chilling of 
( i! rroy Phere re i} dditior rio not of the ir alone 
l ‘ ie i 
( ‘ ( { 
7 
( 1 mnecle 
I l ‘ c\ nee 
1 ( ‘ re Lit cy 
\ ‘ ‘ 1 ‘ 
cl he i ae Inexpensive, Accurate, 
5 le lcs Self-generating, electri- m ed r 
se , se ia Direct Reading Indicator 
cally operating, Withou H , 
) ( See of Wind Velocity 
ey divider on need of external supply. y ¥ y 
‘ 1« 3 ‘ 1) ° . os : , / . 1. ’ 
; yee Re Inexpensive wiring. Can _ Pe 
i doul be located anywhere 
‘ ‘ 1 . . . X ™ 
siegpeeter where wind stress is im- e 
sists © of the ine portant factor. Wind ve- 
, locity transmitted over 
: ssvicbiceairesiets urs distances as great as 
‘ t “I ( 
r f 2000 feet. Highly legible 
NI 1 . . . 
, There ; Indicator readings In 
equeney regulators miles per hour direct with- 
out need of computations. 
Room Comfort Meters . oe 
Question No. 6 Subiect Index 2.08 Hundreds in use. Write 
' 
| regarding installation in 
vour locality. 
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The low temperature coefficient form of the 


International Standard of Electromotive Force 


Cat. No. 100. Standard 
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Cell, cad: 


$20.00 
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ROLLER-SMITH 
TYPE COM 
OHMMETER 


Direct reading, self con- 
t: “d. Range 0-50000 ohms. 
Readable to 02 ohm. (A rapid 
and accurate ohmmeter fer 
production work, 






send for Cat, J-f25-0 





TYPE HTD 
CIRCUIT TESTER 


Direct reading, self-con- 
tained. Range 0-10000 ohms, 
A fine little instrument for 
testing circuits 2nd meas- 


uring resistances, 





Send for Cat. J-123-9 


OLLER-SMITH COMPAN 


{Electrical Measuring and Protective Apparatus 


MAIN OFFICE: D WORKS: 
2132 Woolworth Bldg., New York Bethlehem, Pa. 


SALES AGENCIES IN PRINCIPAL CITIES IN U.S. A. AND CANADA 
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ANY COMBINATION OF A. C. OR D. C. 














9 ACCURAC 
RIFLE t WI ”) GUARANTEED 
WITHIN 2 


HIGHEST QUALITY 
ELECTRICAL INSTRUMENTS 


The Twin combines two separate movements in one case. Overall 
Can be obtained to measure any combination of A.C.-D.C. in t! i yr 
circuits. Saves space, makes easier reading and improves pane! appearance. Th 
practical solution for measuring problems involving simuitaneos " 
readings, such as balancing load in 3 wire circuits, detecting line fluctuations when 
load readings are taken, determining filament and plate voliaye and for ’ 
readings against a test standard 

Price is Same As 2 Separate 3" Instrument 
TRIPLETT MANUFACTURES a complete line of electrical measuring instrument 
for radio, electrical and general industrial purpose both standard and custon 


built. If you have an electrical instrument problem, write to Triplett 


RIQOLEr 


P oe 
ELECTRICAL INSTRUMENTS 


‘ . 
i 
1 The Triplett Electrical Instrument Co ; 
U3 Harmo Drive Blufft« Ohm 
1 i 
1 Without obligation please send me i 
1 1 
1 More informati the Twi i 
1 i] 
1 | am also i terested i ' 
1 i 
1 
| Name 
t i 
i 
' Address ! 
' ' 
! City ! 
sal ale ale di nh Mk te i: tn ln a Gn ak in in an sl Oe --— seme awe aneee=] 
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INSTRUMENTATION FORUM 


PROBLEMS —SOLUTIONS— DISCUSSIONS 


Five dollars will be paid for every solution (or critical discussion clearly 
pointing the way to a solution) which is accepted for publication. Address 
Instrumentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Do not write on 
both sides of paper. Draw diagrams clearly, in black ink. Mail before January 
15. Solutions and discussions accepted for publication will appear in the 


February !937 issue. 


Problem No. 2 Subject Index 2.08 


MOISTURE IN GLUE 


Consulting engineer advises us that 
he will pay $10 (in addition to our 
$5) for a solution acceptable to him 
of the problem of measuring moisture 


in wet and dry “glue pearls” or 


“pearl glue” by a RAPID method. 
Present method—oven drying of pea- 
like samples- 


introduction of modern 


is too slow in view of 
continuous 
drying process of manufacture. Ideal 
would be a indication. 
Next best, a method taking a minute 


continuous 


or so. 
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SOrro\ for he was 
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England, t the 
é \ ioe T itty 
r fter con ively short ill 
eSS ( ite record rT ual 
‘ neering rid Te 
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( r ini Nottingham Unive 
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I e Science t London University 
Emploved — first hy) Messrs Willian 
\\ ‘ ( ed se\ oe ipparatus 
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He was one of the early user 


new familiar slogan “Poverty 
plenty,” and was one of the four 
the Engineers’ Study Group, 
formed to study how and why the 
of affairs implied by that slogar 
remedied, but his active and alert 
carried him often further than imn 
practical policy, and he 
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Buys this Fully Equipped Micro- 
scope Sufficiently Accurate for 
Examining Polished Specimens in 
connection with Routine Control 


and Research Work. 
>-— 


Here are some of its features 

you can use it for both high and 
low power magnification as it is 
fitted with both glass and prism 
reflectors. 

the light source, attached to th« 


vertical illuminator, is permanently 


2 aligned. 
it has 
stops. 

includes all 


Write 


both field and 


aperture 


Price optical accessories 


for full details. 
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rHIS Production Dividing Machine is especially de- 
signed to meet the demand for an automatic, high 
eed machine, for ruling linear scales up to 12 inches 
length, with line as wide and deep as 0.012 inches, and 
th an accuracy ranging from 0.0001 in. to 0.0004 in. 
3; required. 

[he machine is designed to operate at speeds of from 
0 to 100 lines per minute or faster for lines of less width 
nd depth. 

[he screw which is hardened and ground, is provided 
with an indexing mechanism that is positive in action and 
1ot susceptible to wear. 

The ruling mechanism is of especially rugged construc- 
tion to withstand the relatively heavy cuts without loss of 
accuracy. 

The screw can be furnished in either Metric or English 
units, as well as with conversion ratchet wheel for either 
of these. 

Details on request. 
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VOLAND +600 ANALYTICAL BALANCI 


Furnished with our special patented construction elimin- 


ating the handling of all weights below 4 grams 2006 


milligrams. 


Made in U. S. A. by 


VOLAND & SONS. INC. 
NEW ROCHELLE, N. Y. 
WRITE FOR COPY OF OUR COMPLETE CATALOG kK. 








eadership 


In TESTING 


methods and equipment 
e 


In the movement towards weight reduction in vehicles and toward 
the study of stress distribution in pressure vessels, reinforced concrete 
arches, suspension bridges, etc.—strain gauging of structures ha 
contributed greatly. 


The analysis by models prior to the construction of the main 
structure, and tests to destruction of a full sized structure scheduled 
for abandonment have been employed to aid these studies 


e In Model Studies 


Professor Beggs of Princeton has 
done much, his work including 
models of the towers of the 
Golden Gate Bridge constructed 
to exact scale in stainless steel 
and a model of the world's 
largest floating drydock 


The Aluminum Company of 
America and the Bureau of 

‘ Reclamation have studied models 
of dams, prior to actual construction followed by comparisons 
with the prototype. 





Professor Large at Ohio State College has made studies of a 
skyscraper model. The U. S. Experimental Model Basin uses ship 
models for study. The Port of New York authority have studied 
models of the George Washington and Bayonne Bridges 


Other bridge structures such as the San Francisco-Oakland Bay 
Bridge have been studied in models 


Models have been made in celluloid, rubber compound, wires 
stainless steel shee'—and the stress analysis made with dial gauges 
and very notably with Huggenberger Extensometers. (See illus 
tration.) 


Professor Beggs has attacked model studies from another angle 
with the use of the Deformeter Gauges, wherein celluloid models 
are studied in two dimensions by introducing known deformations 
instead of loads, utilizing Maxwell's theorem and reading deflec 
tions with microscopes. Among many such uses was the study of 
the overhead system during the electrification of the Illinois Central 
Railroad at Chicago. 


e Full Scale Tests 


to destruction, or planned destruc- 
tion, have been made on such 
structures as the Stevenson Creek 
Arch Dam and the Yadkin River 
Bridge. This latter was a full 
sized highway bridge. On these 
structures, the Electric Telemeter 
was used and in the dam test the Whittemore Strain Gauge came into 
use —a gauge in which the best reproducibility of readings was 
obtained. 


The use of the Whittemore Strain Gauge has spread rapidly 
stress analysis in the field. It was used on the Sidney Hart 
Bridge by Dr. Bradfield, and is in use for such similar work as done 
by the American Bridge Company. It is used for arch tests, such 
as were conducted at the University of Illinois and Lehigh Ur 
versity, and in most of the major analyses of recent years 





Likewise, the rapid developments in aviation, automotive and 
railway equipment have advanced to an important place, the use 
of the Huggenberger Extensometer, the Scratch Recorder (for 
dynamic as well as static measurement), the Whittemore Strain 
Gauge and the electric recording instruments for stress studie 
both under static loading and in reproductions of service conditions 
in live loading. 


BALDWIN-SOUTHWARK CORP. 


SOUTHWARK DIVISION, PHILADELPHIA 
Pacific Coast Representative: THE PELTON WATER WHEEL CO., San Francisco 
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_ THAT’S because he uses Johansson Gage Blocks. By selecting 
“ blocks of certain sizes and sliding them together he quickly 
19 forms a unit gage for precision measuring. The accurate, 
<8 parallel surfaces of these Gage Blocks, together with their 
\l convenient shape, make them ideal for tool and gage work. 
5 Considering their extreme accuracy, Johansson Gage Blocks 
0 are not expensive. The Johansson Gaging System Set No. 2 
ck cover consists of 35 Blocks and 4 Accessories. The Blocks are accu- 
4 rate to .000008 of an inch. They will make 80,000 different size 
\> gages in steps of .0001 inch from a minimum size of .300 inch 
? to more than 8 inches. The price is only $185. Gage Blocks also 
4 may be purchased individually, some costing as little as $3.50. 
) | WRITE FOR OUR CATALOG NO. 11 
0) nf q q Y 
fl JOHANSSON 
552 GAGE BLOCKS AND ACCESSORIES 
0 Manufactured, sold and serviced in the United States and Canada by 
\> FORD MOTOR COMPANY 
ee Johansson Division Dearborn, Michigan 
16 
a VU 
. COMBINAT 
ge REGULATORS 
o. AZ 
A] 
16 For Controlling and 
\6 Indicating cr Recording Temperature 
4 SELF CN lly LA 
. Poy | OPERATED _\ : ™~» 
ale » 2 « s IVT the , " bd TYPE 
P Si ) 
49 ower JI1ZeS 
Close control, so im- / 
portant in laboratory J 
and experimental work, ij 
is a feature of OHMITE AIR 
A patented construction. OPERATED 
Note how the contact \ 
rides directly on the — TYPES 
resistance wire, there- 
by) virtually making each turn a separate step. Resistance , a . 4 . 
is wound over a saaraanedles ae whieh is pete ahah atewenia To simplify the installation of automatic temperature controls 
enamel to the base, There are no organic materials to char take advantage of the convenience and economy obtained with 
or burn. Shafts are amply insulated. The contact rides on a Powers Combination Regulators. They make it easy to quickly ad- 
fat surface to carry heavy currents safely. All OHMITE 2 : : j 
Kheostats are furnished park 4 inte cammealiome so that they just the regulator to accurately maintain any desired temperature. 
wt used - nage reg penens a = PHONE OR WRITE FOR BULLETINS = 
aude in six sizes from 25 watts throug DOO watts; resis- . 
fance values, 0.5 through 10,000 chien, Gieaite engineers will 2720 Greenview Avenue, CHICAGO @ 231 East 46th Street, NEW YORK 
be glad to aid you in developing special models. Write for 1808 W. Eighth Street, LOS ANGELES @ 106 Lombard Street, TORONTO 
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Concluded from page 210 


ay ttlace rmostat, 4-puge Bul 
bi'‘l } \ construction, ensi 
tion of the Hoepple: 
Temperature ranges 
t vi centigrade 
' ( p 230 E. 45th St 

Y (‘it N. ¥ 
Low-pressure Test Gage. Bull 
QR « ‘ be Ineche of wate? 
lisher Governor 


{ Dynmamometers, 4-paze bulletin 
ormation on the Hi-Eff” dy 


! t priy mover B.H.P 
t ju ell ene tnd accessory testing 
l o! Mfz Corp 2330 W Clybourn 


Milwaukee, Wi 
Tuning Indicator. Form 1-36-22 





‘ Ve¢ principle ot nd wiring diagrams 

for new Taco de for use on radio 
Techni \pplianes Corp., 17 E 
st New York Ci N. Y 


Do216 Mensurement a , Gloss. 4-page 
folder entitled “Instruments and Meth 


od f Determining Gloss Surface 
Texture Sharpness of Reflected Image 
ind I n Henry A. Gardner Labora 
tory Irie 2201 New York Ave., N. W 


1217 Measuring Bridge. Leaflet 6070 


t ndy } ket ze measur 

! bridge tances A small 
t lard rocket ! battery is ised 
Hern H. Sticht & Ce 27 Park Place 
New York, N. Y 

D218 P hase sequence Indicator. Leaf 
let No 37 describes new model in a 
Bakelite case, designed for all voltage 
from 50 to 600 volts and all frequencies 
from 20 to 60 cycles. Herman H. Sticht 
~ & 27 Park Place New York, N. ¥ 

D219 Laboratory Supply Catalogue. 
636 page of nformation on latest 
ivailabls merchandise for chemical 
it t Exact specifications on 
z nd? ce profuse illustration 
conver nt index Available only to 
recog 1 commercial and educational 
nstitutions having laboratories The 
Chemi« l Rubber Co 1900 W 112th 
sf ( ve ind Onhic 

p2en ene Fire Alarm System. 
4-pagce Bulletin 1501 describes “Sprink 

tat den fire alarm system 


Gamewell Co Newton, Mass 





1) | Capacitors, 24-page Catalog No 
12% d to be “the most complet: 
ondenser eat og ever issued” wvive 
dat oY ipacitors for industrial and 
transmit ipplications. Cornell-Du 
bilier Corp 4277 reas Blvd. New 
York Citv, N. VY 

P222 Reeording Thermometer and 
Operation Recorder. Folder describes 
] V-priced °4-hour recording instru 
ment Practieal] Instrument Co 2717 


N Ashland Ave Chicago. TI 


1223 Forged Steel Valves. Bulietin 
N20 describes new line of Haneoc! 
forged steel valve for all steam pres 

ranges 1500 lbs A number of 
distinctive features are claimed. Con 
lidated Ashcroft Hancock Co., Bridge 


port ( mr 


[224 Replaceme nt Condensers, 4-pac: 





( i" #25 lists replacement ca 
I tor line to et mfr set 
model characteristics set mf? part 
number. et Aerovox Corp., 70 Wash- 
nxton St.. Brooklyn, N. Y 


1225 Motor-operated Aspiratine Psv- 
chrometer. 1-page bulletin No. 501 de- 
scribes this new instrument manufac 
tured by C. EF. Russell & Co. 121 
Franklin St Dayton, Ohio 
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and in the 22-pag¢ 


— SHELF 


, , ; gg 
pilation of be th theoretical and prac 
tical data on thermionic tubes and 
their varied uses. To Instrument read- 


ers the 50-page thirteenth and _ final 
chapter on Industrial 
Vacuum Tubes,” containing thirty 
nine examples with thirty-three cir- 
cuit diagrams and ten other illustra- 
tions, will no doubt prove the most in- 
teresting. Let it be 
this ‘Industrial’ chapter head the 
authors include discussion 
of “radio surgery” ( , the therapeutic 
as well as the surgical uses of high- 
frequency currents) three pages on 
acoustics four on “radio compasses” 
ind a final half-page on metal shields 
fur radio (not industrial) tubes which 
belongs in Chapter II, “Construction of 
Vacuum Tubes,” certainly not in that 
“Industrial Applications” chapter 
Many classes of readers can derive 
benefit from this diversified work 
Those whose training did not include a 
study of thermionic phenomena will 
find that the 137-page Chapter IV on 
Vacuum-Tube Action” comes close to 


a six-page 


being the “ideal” text for their in 
struction as well as a useful reference 
which need not be studied. On the 


undoubtedly for 


other hand, it is 
readers in the radio, television and al 
lied fields that the authors prepared 
Chapters VI to XII on Testing Vacuum 
Tubes, Vacuum-tube Installation, Uss 
of Vacuum Tubes as Detectors, is 
Rectifiers, as Amplifiers and as Oscil- 
lation Television 
Tubes. 


Generators, ind 


This leaves two chapters on which 
we have not yet commented: the third, 
on “Fundamental Electrical Relations,” 
presents not only a foundation 
of electrical theory but gives examples 
and describes the practical design and 
commercial construction of several de- 
vices. The fifth, “Radio Meters and 


good 


Measurements,’ may be of interest 
one supposes, to service men who de- 
sire to Know some of the principles 


underlying the operation of the _ in- 
struments they use, as well as to per- 
sons who have not taken a high-school 
electricity course or its equivalent 
The tone of this chapter appears to be 
too varied: here elementary data remi 
niscent of the useful book “Industrial 
Electricity and Wiring” by the same 
authors: and there sentences such as 
‘The harmonic content of the output 
varies with the impedance of the 
load,” which were copied with few 
changes from publications of the Gen- 
eral Radio Co. issued for trained users 
of high-frequency instruments 

Not that the 
corporating into a technical book the 
substance of technical descriptions and 


reviewer objects to in- 


discussions published by manufact- 
urers whose staff engineers and ien- 
tists are recognized authorities On 
the contrary! But in a book designed 


to appeal to many classes of readers, 
the elementary chapters should be un- 
derstandable by novices and the ad- 
vanced chapters free of “writing 


down.” This book contains both these 
kinds of flaws. In the final chapte: 
the one on industrial ipplications 
we find this the light beam is 
refracted, meaning that its direction 
is changed, " and other “in-eass 
you-don’t-kn« ww" touches which ire 


superfluous in that final chapter 


These, too, are minor shortcomings. 
inevitable in the process of hastily re- 
writing a new edition to keep up with 
a rapidly changing art. On the whole, 
the authors have done an excellent 
job. The 485 illustrations deserve fav- 
orable mention they include many 
line drawings painstakingly made from 
photographs to bring out details that 
printing half-tones 

Numerous tables 
body of the book 
appendix contribute 
reference 


would be lost in 
on uncoated paper 
and graphs in the 


to the volume’s value as a 
on modern tubes and their applications 
M. I Benar (5.4)-B- 


Applications of 


noted that under 
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